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(57) ABSTRACT 

Pyrimidine phosphodiesterase 7 (PDE 7) inhibitors of the 
following formula 

wherein R', R, Z, J and L are described herein, and analogs 
thereof are provided which are useful in treating T-cell 
mediated diseases. 
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PYRIMIDINE INHIBITORS OF 
PHOSPHODIESTERASE (PDE) 7 

0001. This application claims priority to U.S. Provisional 
Application Serial No. 60/299,287 filed Jun. 19, 2001, U.S. 
Provisional Application Serial No. 60/355,141 filed Feb. 8, 
2002, and U.S. Provisional Application Serial No. 60/368, 
752 filed Mar. 29, 2002. The entirety of each of these 
applications is incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to pyrimidine inhibi 
tors of phosphodiesterase 7 (PDE 7) (including both selec 
tive inhibitors of PDE 7, and dual inhibitors of PDE 7 and 
phosphodiesterase 4), pharmaceutical compositions contain 
ing these inhibitors, and the use of these inhibitors in the 
treatment of leukocyte activation-associated or leukocyte 
activation mediated disease and inflammatory diseases 
either alone or in combination with other therapeutic agents. 

BACKGROUND OF THE INVENTION 

0003) Phosphodiesterases (PDEs) hydrolyze the second 
messenger molecules cAMP and coMP to affect cellular 
signaling. At least 11 families of PDEs exist, some of which 
(PDE3,4,7,8) are specific for cAMP, and others (PDE5,6,9) 
for cGMP. Further family members (PDE1,2,10,11) have 
dual Specificity. A recent publication demonstrated a role for 
PDE7 in the activation and/or proliferation of T cells(Li, Yee 
and Beavo, Science 283:848-851, 1999). Resting T lympho 
cytes express mainly PDE3 and PDE4. However, upon 
activation, T cells dramatically upregulate PDE7 and appear 
to rely on this isozyme for regulation of cAMP levels. 
Removal of the ability to upregulate the production of PDE7 
protein by anti-Sense oligonucleotides inhibited the prolif 
eration and IL-2 production along with the maintenance of 
high concentrations of intracellular cAMP in CD3xCD28 
stimulated T cells. 

0004 APDE7 inhibitor is defined herein as a compound 
for which the ICs of the compound in a PDE7 inhibition 
assay is less than 20 micromolar (preferably less than 10 
micromolar, more preferably less than 5 micromolar, most 
preferably less than 1 micromolar). The PDE7 ICso of a 
Selective PDE7 inhibitor should be less than one-tenth the 
IC50 of said compound in all of the following PDE assays: 
PDE1, PDE3 and PDE4 (more preferably the PDE7 ICs of 
a selective PDE7 inhibitor should be less than one-twentieth 
the ICs of said compound in the following PDE assays: 
PDE1 and PDE3, most preferably the PDE7 ICs of a 
Selective PDE7 inhibitor should be less than one-hundreth 
the ICs of said compound in a PDE3 assay). 
0005. Several isoforms of PDE1 have been identified and 
are distributed in heart, lung, and kidney tissue, as well as in 
circulating blood cells and smooth muscle cells. PDE1 
inhibitors have demonstrated potent vasodilator activity. 
Such activity would represent an undesirable Side effect in a 
therapeutic agent with the utilities listed in this patent for a 
PDE7 inhibitor. The PDE3 family of enzymes are distributed 
in Several tissues including the heart liver, and platelets. 
PDE3 inhibitors have demonstrated potent cardiac iotropic 
activity. Such activity would represent an undesirable side 
effect in a therapeutic agent with the utilities listed in this 
patent for a PDE7 inhibitor. Several isoforms of PDE4 exist, 
and these are expressed in a wide variety of tissues including 
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heart, kidney, brain, the gastrointestinal track and circulating 
blood cells. PDE4 inhibitors have demonstrated clinical 
utility for COPD, and have also been suggested to have 
utility for rheumatoid arthritis, and multiple Sclerosis, and to 
possess anti-inflammatory activity. The utility of PDE4 
inhibitors has been limited to some extent by their propen 
sity to cause emesis. AS Such there are circumstances where 
it would be desirable to develop PDE7 inhibitors, which 
have a degree of selectivity against PDE. A selective inhibi 
tor of PDE7 is expected to have broad application as an 
immunosuppressant in T cell-mediated diseases. PDE7 
inhibitors will act at a different Stage of the T cell Signaling 
process compared to current immunosuppressants by inhib 
iting a very early Stage of the T cell activation cascade. A 
selective inhibitor of PDE7 is also expected to have a 
decreased potential for clinically significant Side effects 
compared to current immunosuppreSSants, therefore the 
primary disease indications are Solid organ transplantation 
(SOT) and rheumatoid arthritis. Additional indications may 
include IBD, psoriasis, asthma and lupus. 

0006) A dual PDE7-PDE4 inhibitor (PDE4/7 or PDE7/4) 
is defined herein as any compound which has an IC50 in 
both a PDE7 and a PDE4 inhibition assay of less than 20 
micromolar (preferably less than 10 micromolar, and more 
preferably less than 5 micromolar and most preferably leSS 
than 1 micromolar), and an IC50 in a PDE3 inhibition assay 
which is at least 10 times higher than the IC50 of the 
compound in the PDE7 assay (more preferably at least 20 
times higher than the IC50 of the compound in the PDE7 
assay, and most preferably at least 100 times higher than the 
IC50 of the compound in the PDE7 assay). A dual PDE4/7 
inhibitor should have a ratio of inhibition or PDE7 IC50 
divided by PDE4 IC50 of between one-tenth and 100. 
Inhibitors that exhibit Such a ratio of inhibition include those 
that inhibit PDE3, PDE4 and PDE7 as described above, and 
further inhibit PDE1 at an IC50 at least 10 times higher than 
the IC50 of the compound in a PDE7 assay (more preferably 
at least 20 times higher than the IC50 of the compound in the 
PDE7 assay, and most preferably at least 100 times higher 
than the IC50 of the compound in the PDE7 assay). Pre 
ferred dual PDE7-PDE4 inhibitors further include those 
compounds that inhibit PDE3, PDE4 and PDE7 as described 
above, and further Suppress both T cell proliferation, and 
TNF-alpha secretion from either THP-1 monocytes or 
human peripheral blood mononuclear cells at a level of leSS 
than 20 micromolar. 

0007 “Leukocyte activation” is defined herein as any or 
all of leukocyte (T cell, monocyte macrophage, neutrophil 
etc.) cell proliferation, cytokine production, adhesion pro 
tein expression, and production of inflammatory mediators. 
This is mediated in part by the action of PDE4 and/or PDE7 
depending on the particular leukocyte under consideration. 

0008 Examples of leukocyte activation associated or 
leukocyte activation mediated disorders include transplant 
rejection, graph verses host disease, and autoimmune dis 
orders, Such as rheumatoid arthritis, multiple Sclerosis, juve 
nile diabetes, COPD, asthma, and inflammatory bowel dis 
ease, T-cell mediated hyperSensitivity diseases, ischemic or 
reperfusion injury, and T-cell proliferative disorders. 

0009 Dual PDE4/7 inhibitors would be expected to 
block the T cell component of a disease as well as possess 
anti-inflammatory activity. Thus a dual PDE4/7 inhibitor 
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which is not significantly limited by emesis, may be more 
effective than either a selective PDE4 inhibitor or a selective 
PDE7 inhibitor in a variety of disease states such as rheu 
matoid arthritis, asthma, COPD and multiple Sclerosis. 
0010 Development of either selective PDE7 inhibitors, 
or dual PDE7-PDE4 inhibitors will yield novel classes of 
therapeutics and have a novel mechanism of action by 
maintaining high levels of intracellular cAMP. These inhibi 
tors would target a major unmet medical need in an area 
where current therapies possess Significant toxicity. 

0011 Two PDE7 genes have been identified. PDE7A(EC 
3.1.4.17) has two isoforms generated by alternate splicing; 
PDE7A1 restricted mainly to T cells and the brain, and 
PDE7A2 for which mRNA is expressed in a number of cell 
types including muscle cells. The isoforms have different 
Sequence at the amino termini, and it is thought that this 
portion of each molecule is likely to be important for cellular 
localization of the enzyme. However, the catalytic domain of 
each PDE7A enzyme is identical (Han, P., Zhu,X. and 
Michaeli.T. Alternative splicing of the high afinity cAMP 
specific phosphodiesterase (PDE7A) mRNA in human Skel 
etal muscle and heart. J. Biol. Chem. 272 (26), 16152-16157 
(1997)). Although abundant PDE7A2 mRNA has been iden 
tified, the presence of active enzyme in tissues is controver 
Sial, as no convincing data shows PDE7A2 protein in Situ in 
the adult. PDE7B (EC 3.14.17), a second PDE7 gene family 
member, has approximately 70% homology to PDE7A in the 
enzymatic core (Sasaki.T., Kotera.J., Yuasa,K. and Omori,K. 
Identification of human PDE7B, a cAMP-specific phos 
phodiesterase Biochem. Biophys. Res. Commun. 271 (3), 
575-583 (2000)). Two patents from Cold Spring Harbor 
Labs (U.S. Pat. No. 5527896 and U.S. Pat. No. 5977305) 
cover the methods of preparation and use of recombinant 
PDE7A protein. A recent publication describes moderately 
active PDE7 inhibitors (J. Med Chem. Vol.43, 683 (2000)). 
WO 00/68230 discloses certain 1.9 dihydropurin-6-ones 
derivatives as PDE7 inhibitors. 

SUMMARY OF THE INVENTION 

0012. The present invention provides pyrimidine com 
pounds of the following formula (I), their enantiomers, 
diastereomers, tautomers and pharmaceutically acceptable 
salts, prodrugs and Solvates thereof, for use as PDE7 inhibi 
tors and dual PDE4/7 inhibitors: 

(I) 
Z. 

J 
N N 

R2 - - 
YN N L 

l 

0013 wherein 
0014) R' is H or alkyl; 
0015 R is 
0016 (a) heteroaryl, or heterocyclo, either of 
which may be optionally substituted with one to 
three groups T', T, T; 
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0017 (b) aryl Substituted with one to three groups 
T', T, T provided that at least one of T, T, T 
is other than H; or 

0018 (c) aryl fused to a heteroaryl or heterocyclo 
ring wherein the combined ring System may be 
optionally Substituted with one to three groups T', 
T2, T3; 

0019 Z is 
0020 (a)-OR",-C(O)R",-C(O)OR",-SR", 
-NRR", –C(O)NR'R'', -NRSOR" halo 
gen, nitro, haloalkyl, or 

0021 (b) alkyl, aryl, heteroaryl, heterocyclo, or 
cycloalkyl any of which may be optionally Sub 
stituted with one to three groups T, TT; 

0022 J is 
0023 (a) hydrogen, halo, -OR", or 
0024 (b) alkyl, alkenyl, or alkynyl any of which 
may be optionally substituted with one to three 
groups T, T- or T; 

002.5 L is 
0026 (a) hydrogen, -OR", —C(O)R", 
-C(O)OR", - SR", -NRR,-C(O)NR'R'', 
-NRSOR", halogen, haloalkyl, nitro, or 

0027 (b) alkyl, aryl, heteroaryl, heterocyclo, or 
cycloalkyl any of which may be optionally Sub 
stituted with one to three groups T, T- or T; 

0028) RandR' are independently H, alkyl, alkenyl, 
aryl, (aryl)alkyl, heteroaryl, (heteroaryl)alkyl, 
cycloalkyl, (cycloalkyl)alkyl, heterocylo or (hetero 
cyclo)alkyl any of which may be optionally Substi 
tuted with one to three groups T, T- or T.; 

0029 or R and R together with the nitrogen atom 
to which they are attached may combine to form a 4 
to 8 membered heterocyclo ring optionally Substi 
tuted with one to three groups T, T- or T; 

0030) R' is hydrogen, alkyl, alkenyl, aryl, het 
eroaryl, (aryl)alkyl, (heteroaryl)alkyl, heterocylo, 
(heterocyclo)alkyl, cycloalkyl or (cycloalkyl)alkyl 
any of which may be optionally substituted with one 
to three groups T, T- or T; 

0031) R' is hydrogen, alkyl, alkenyl, aryl, het 
eroaryl, (aryl)alkyl, (heteroaryl)alkyl, heterocylo, 
(heterocyclo)alkyl, cycloalkyl or (cycloalkyl)alkyl 
any of which may be optionally substituted with one 
to three groups T, T- or T; 

0032) R' and R are independently alkyl, alkenyl, 
aryl, (aryl)alkyl, heteroaryl, (heteroaryl)alkyl, 
cycloalkyl, (cycloalkyl)alkyl, heterocylo or (hetero 
cyclo)alkyl any of which may be optionally Substi 
tuted with one to three groups T, T- or T; 

0033 RandR are independently H, alkyl, alkenyl, 
aryl, (aryl)alkyl, heteroaryl, (heteroaryl)alkyl, 
cycloalkyl, (cycloalkyl)alkyl, heterocylo or (hetero 
cyclo)alkyl any of which may be optionally inde 
pendently substituted where valance allows with one 
to three groups T, T- or T; 
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0034) or R and R together with the nitrogen atom 
to which they are attached may combine to form a 4 
to 8-membered heterocyclo ring optionally Substi 
tuted with one to three groups T, T- or T; 

0035) 
dently 

ydrogen or 1, Wnere 1 IS 0.036 (1) hvid T. where Ti 

0037 (i) alkyl, (hydroxy)alkyl, (alkoxy)alkyl, 
alkenyl, alkynyl, cycloalkyl, (cycloalkyl)alkyl, 
cycloalkenyl, (cycloalkenyl)alkyl, aryl, (aryl)a- 
lkyl, heterocyclo, (heterocylco)alkyl, het 
eroaryl, or (heteroaryl)alkyl, 

0038 (ii) (ii) a group (i) which is itself substi 
tuted by one or more of the same or different 
groups (i); or 

0039 (iii) (iii) a group (i) or (ii) which is 
independently Substituted by one or more (pref 
erably 1 to 3) of the following groups (2) to (13) 
of the definition of T, T- and T, 

0040 (2) -OH or –OT, 
0041) (3) -SH or -ST, 
0042 (4) -C(O), H, —C(O),T, O 
-O-C(O)T, where t is 1 or 2; 

T'', T, and T are are each indepen 

0043 (5) –SOH, -S(O)T, or S(O)N(T)T, 
0044 (6) halo, 
0045 (7) cyano, 
0046 (8) nitro, 
0047 (9) - T-NTT, 
0048 (10) - T-N(T) T NTT, 
0049) (11) - T-N(T) T T, 
0050 (12) - T-N(T) T-H, 
0051 (13) oxo, 

0.052 Tand T are each independently 
0053 (1) a single bond, 
0054) (2) - T'-S(O) T-, 
0055 (3) - T-C(O)-T-, 
0056 (4) - T'-C(S) T-, 
0057 (5) - T'-O-T- 
0058 (6) - T-S-T'?-, 
0059 (7) - T'-O-C(O)–T-, 
0060 (8) - T'-C(O)-O-T-, 
0061 (9) - TC(=NT) T-, or 
0062 (10) —T'-C(O)—C(O)—T'- 

0.063) T7, TS, T, Ta and To 
0064 (1) are each independently hydrogen or a 
group provided in the definition of T, or 

0065 (2) Tand T may together be alkylene or 
alkenylene, completing a 3- to 8-membered Satu 
rated or unsaturated ring together with the atoms 
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to which they are attached, which ring is unsub 
Stituted or Substituted with one or more groups 
listed in the description of T, T- and T, or 

0066 (3) T7 or T, together with T, may be 
alkylene or alkenylene completing a 3- to 8-mem 
bered Saturated or unsaturated ring together with 
the nitrogen atoms to which they are attached, 
which ring is unsubstituted or substituted with one 
or more groups listed in the description of T'', 
T and T, or 

0067 (4) T7 and Tor T and T together with the 
nitrogen atom to which they are attached may 
combine to form a group -N=CT'T' where 
T and T' are each independently H or a group 
provided in the definition of T; and 

0068 T' and T' are each independently 
0069 (1) a single bond, 
0070 (2) alkylene, 
0071 (3) alkenylene, or 
0072 (4) alkynylene. 

0073 Preferred compounds of Formula I include those 
wherein: 

0.074) Z is 
0075) (a) halogen, alkoxy, haloalkyl, -NRR", 
–C(O)OR", –C(O)NR'R'; 

0076) (b) aryl or heteroaryl either of which may 
be optionally substituted with one or more T', 
T, T (especially cyano, optionally substituted 
alkyl, (hydroxy)alkyl, -OH, -OT, -ST, 
SOT, -COH, -COT, - TNT7T, or 

- TN(T) T T); 
0.077 (c) optionally substituted alkyl (especially 
Substituted with one or more -OH, -COH, 
-COTT, T-NT7T7, T-N(T) T 
H, or; –T-N(T)-T-T); 

0078) J is 
0079 (a) H, or 
0080 (b) alkyl or alkenyl either of which may be 
optionally Substituted (especially with one or 
more -OH, -OT, -COH, or -COT); 

0081 L is 
0082) (a) H; 
0083) (b) halogen, alkoxy, haloalkyl, -NRR, 
-C(O)OR", -C(O)NR'R''; 

0084) (c) aryl or heteroaryl either of which may 
be optionally substituted with one or more T', 
T., T (especially cyano, optionally substituted 
alkyl, (hydroxy)alkyl, -OH, -OT, -ST, 
SOT, -COH, -COT, - TNT'T', or 

- TN(T) T-T); or 
0085 (d) optionally substituted alkyl (especially 
Substituted with one or more -OH, -COH, 
–COT, T-NT, -T-N(T) T-H, 
or; - T-N(T)-T-T); 
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0086) R' is H or alkyl; 
0087 Riis 
0088 (a) heteroaryl (more preferably thiazolyl or 
oxazolyl) optionally substituted with one to three 
groups T, T, T, preferably including H, alkyl, 
haloalkyl, halo, heteroaryl, cyano, C(O),T, OT, 
TNT7Ts, 

0089 (b) aryl substituted with one to three groups 
T, T, T (preferably including heteroaryl (pref 
erably, imidazolyl, oxazolyl, or thiazolyl any of 
which may be further optionally substituted), 
cyano, C(O),T, S(O)N(T)T, halo alkyl, and 
haloalkyl); or 

0090 (c) aryl fused to a heterocyclo ring (e.g., 
2,3-dihydro-1H-indole bound through the aryl 
ring, quinolyl bound through the aryl ring (espe 
cially quinol-6-yl), quinazolinyl bound through 
the aryl ring (especially quinazolin-7-yl), cinnoli 
nyl bound through the aryl ring (especially cin 
nolin-6-yl), isoqinolinyl bound through the aryl 
ring (especially isoquinol-6-yl), and phthalazinyl 
bound through the aryl ring (especially 
phthalazin-6-yl)) wherein the combined ring Sys 
tem may be optionally substituted with one to 
three groups T', T, T(especially halo, OH, OT, 
alkyl, -COH, -COT, or -C(O)NT7T); 

0.091 R is H or optionally substituted alkyl (espe 
cially substituted with one or more -OH, or 
–OT): 

0092] Ris 
0093 (a) hydrogen; 
0094 (b) (aryl)alkyl where the aryl group is 
optionally independently Substituted with one or 
more groups T', T, T (especially optionally 
Substituted alkyl, halo, cyano, nitro, (hydroxy 
)alkyl, -OH,-OT, -ST, -COH, -COT, 
- SOH, -SOT, -SON(T)(T), TNTT, 
-T-N(T)-T-T), heterocyclo, or het 
eroaryl); 

0095 (c) (heteroaryl)alky where the heteroaryl 
group is optionally independently Substituted with 
one or more groups T', T, T (especially 
optionally Substituted alkyl, halo, cyano, nitro, 
(hydroxy)alkyl, -OH, -OT, -ST, -COH, 
COT, -SOH, -SOT, -SON(T)(T), 

- TNTT, T-N(T) T T, heterocy 
clo, or heteroaryl); 

0096] (d) (heterocyclo)alkyl where the heterocy 
clo group is optionally independently Substituted 
with one or more groups T', T, T" (especially 
optionally Substituted alkyl, halo, cyano, nitro, 
oxo, (hydroxy)alkyl, -OH, -OT, -ST, 
-COH, -COT, -SOH, -SOT, 
-SON(T)(T), - TNT7T, T-N(T)- 
T-T, heterocyclo, or heteroaryl); 

0097 (e) alkyl optionally independently substi 
tuted with one or more groups T, T, T 
(especially -OH,-OT, -COH, -COT, 
- TNT7T or - TN(T) T T); 
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0.098 (f) heterocyclo optionally independently 
Substituted with one or more groups T', T, T 
(especially optionally Substituted alkyl, optionally 
Substituted aryl, optionally Substituted heteroaryl, 
optionally Substituted aralkyl, optionally Sub 
situted heterocyclo, cyano, -OH, -OT, 
-COH, -COT, oxo, hydroxy(alkyl), (alkoxy 
)alkyl, -T-N(T)-T-T), or - T 
NT7T); 

0099 or R and R together with the nitrogen atom 
to which they are attached combine to form a 4 to 
8-membered heterocyclo ring (especially pyrrolidi 
nyl, piperadinyl, piperazinyl, morpholinyl, diaZapa 
nyl or 1,4-dioxa-8-azaspiro4.5decan-8-yl) option 
ally substituted with one to three groups T', T, T 
(especially optionally Substituted alkyl, optionally 
Substituted aryl, optionally Substituted heteroaryl, 
optionally Substituted aralkyl, optionally SubSituted 
heterocyclo, cyano, -OH, -OT, -COH, 
-COT, oxo, hydroxy(alkyl), (alkoxy)alkyl, 
T-N(T) T T, or T-NT7T); 

0100 R is hydrogen or alkyl; 
01.01) R' is 

0102) (a) hydrogen; 
0103) (b) (aryl)alkyl where the aryl group is 
optionally independently Substituted with one or 
more groups T', T, Ti (especially optionally 
Substituted alkyl, halo, cyano, nitro, (hydroxy 
)alkyl, -OH,-OT, -ST, -COH, -COT, 
-SOH, -SOT, -SON(T)(T), -T- 
N(T)-T-T), heterocyclo, or heteroaryl); 

0104 (c) (heteroaryl)alky where the heteroaryl 
group is optionally independently Substituted with 
one or more groups T', T, T (especially 
optionally Substituted alkyl, halo, cyano, nitro, 
(hydroxy)alkyl, -OH, -OT, -ST, -COH, 
COT, -SOH, -SOT, -SON(T)(T), 

- T-N(T)-T-T), heterocyclo, or het 
eroaryl); 

0105 (d) (heterocyclo)alkyl where the heterocy 
clo group is optionally independently Substituted 
with one or more groups T', T, T (especially 
optionally Substituted alkyl, halo, cyano, nitro, 
oxo, (hydroxy)alkyl, -OH, -OT, -ST, 
-COH, -COT, -SOH, -SOT, 
–SON(T)(T), -T-N(T) T–T, het 
erocyclo, or heteroaryl); 

0106 (e) alkyl optionally independently substi 
tuted with one or more groups T', T, T 
(especially -OH,-OT, -COH, -COH', 
- TNT7T or T-N(T) T T); 

0107 (f) heterocyclo optionally independently 
substituted with one or more groups T', T, T. 
(especially optionally Substituted alkyl, optionally 
Substituted aryl, optionally Substituted heteroaryl, 
optionally Substituted aralkyl, optionally Sub 
situted heterocyclo, cyano, -OH, -OT, 
-COH, -COT, oxo, hydroxy(alkyl), (alkoxy) 
alkyl, -T-N(T)-T-T), or -T- 
NT7T); 
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0108) or R and R together with the nitrogen atom 
to which they are attached combine to form a 4 to 
8-membered heterocyclo ring (especially pyrrolidi 
nyl, piperadinyl, piperazinyl, morpholinyl, diaZapa 
nyl or 1,4-dioxa-8-azaspiro4.5decan-8-yl) option 
ally substituted with one to three groups T', T, T 
(especially optionally Substituted alkyl, optionally 
Substituted aryl, optionally Substituted heteroaryl, 
optionally Substituted aralkyl, optionally SubSituted 
heterocyclo, cyano, -OH, -OT, -COH, 
-COT, oxo, hydroxy(alkyl), (alkoxy)alkyl, 
- T-N(T) T -t, or - TNT7T). 

0109 More preferred compounds of the present inven 
tion include compounds wherein: 

0110 Z is 
0111) (a) halogen, alkoxy, haloalkyl, -NRR", 
–C(O)OR", –C(O)NR'R'; 

0112 (b) aryl or heteroaryl either of which may 
be optionally substituted with one or more T', 
T, T selected from cyano, optionally substi 
tuted alkyl, (hydroxy)alkyl, -OH,-OT, -ST, 
-SOT, -COH, -COT, TNTT, or 
- TN(T) T T, 
0113 where 
0114) T'is a bond or -C(O)-; 
0115 T is –C(O)—, or -C(O)O-; 
0116 T is alkyl or haloalkyl; 
0117 T7 and T are independently H; 

0118 alkyl optiontionally substituted with 
cycloalkyl, heteroaryl, hydroxy or -NTT, 

0119 cycloalkyl; or 
0120 aryl optionally substituted with halo 
gen, 

0121 or T and T together with the nitrogen 
atom to which they are attached combine to 
form a heterocyclo ring optionally Substituted 
with (hydroxy)alkyl, COH or COT 

0122) T' is hydrogen; 
0123 (c) alkyl optionally substituted with one or 
more -OH,-COH, -CO.T. - T-NTT, 

0124 where 
012.5 T is –C(O)-; 
0126) is -alkylene-O-; 
O127 T is alkyl; 
0128. T7 and T are independently H, alkyl, 
cycloalkyl, aryl, (aryl)alkyl (optionally Substi 
tuted as described in the definition of R"), or 
heterocyclo (optionally Substituted as described 
in the definition of RandR'combining to form 
a heterocyclo ring); and 

0129. T is H; 
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0130 J is 
0131 (a) H, or 
0132 (b) alkyl or alkenyl either of which may be 
optionally substituted with one or more -OH, 
–OT, -COH, or -COT, where T is alkyl; 

0133) L is 
0134) (a) H; 
I0135) (b) halogen, alkoxy, haloalkyl, -NR'R'', 
-C(O)OR", -C(O)NR'R'': 

0136 (c) aryl or heteroaryl either of which may 
be optionally substituted with one or more T', 
T, T selected from cyano, optionally substi 
tuted alkyl (especially substituted with COH or 
COT), (hydroxy)alkyl, -OH, -OT, -ST, 
SOT, -COH, -COT, - TNT'T', or 

- T'N(T) T T, 
0137 where 
0138 T is a bond or -C(O)-; 
0139 Tis-C(O)-, or -C(O)O-; 
0140 T is alkyl or haloalkyl; 
0141 T7 and T are independently H; 

0.142 alkyl optiontionally substituted with 
cycloalkyl, heteroaryl, hydroxy or -NTT; 

0143 cycloalkyl; or 
0144) aryl optionally substituted with halo 
gen, 

0145 or T7 and T together with the nitrogen 
atom to which they are attached combine to 
form a heterocyclo ring optionally Substituted 
with (hydroxy)alkyl, COH or COT 

0146 T' is hydrogen; 
alkyl optionally Substituted with one or 0147 (d) alkvl optionallv Substituted with 

more -OH, -COH, COT, T4 NT7Ts, 
T. N(T) T-H, or;-T N(T) T5 

6 T 

0148 where 
0149 Tis-(O)-; 
0150 T is -alkylene-O-; 
0151 T is alkyl; 
0152 T7 and T are independently H, alkyl, 
cycloalkyl, aryl, (aryl)alkyl (optionally Substi 
tuted as described in the definition of R"), or 
heterocyclo (optionally Substituted as described 
in the definition of RandR'combining to form 
a heterocyclo ring); and 

0153. T is H; 
0154) R' is H or alkyl; 
O155 R is 
0156 (a) heteroaryl (more preferably thiazolyl or 
oxazolyl) optionally substituted with one to three 
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groups T', T, T, preferably including H, alkyl, 
haloalkyl, halo, heteroaryl, cyano, C(O),T, OT, 
TNT7Ts, 

0157 (b) aryl substituted with one to three groups 
T, T, T (preferably including heteroaryl (pref 
erably, imidazolyl, oxazolyl, or thiazolyl any of 
which may be further optionally substituted), 
cyano, C(O),T, S(O)N(T)T, halo alkyl, and 
haloalkyl); or 

0158 (c) aryl fused to a heterocyclo ring (e.g., 
2,3-dihydro-1H-indole bound through the aryl 
ring) wherein the combined ring System may be 
optionally Substituted with one to three groups T', 
T, T (especially halo, OH, OT, alkyl, -COH, 
–COT, or –C(O)NT7T); 

0159 R is H or optionally substituted alkyl (espe 
cially substituted with one or more -OH, or 
-OT): 

0160) R' is 
0161 (a) hydrogen; 
0162 (b) (aryl)alkyl where the aryl group is 
optionally independently Substituted with one or 
more groups T', T, Tselected from optionally 
Substituted alkyl, halo, cyano, nitro, (hydroxy 
)alkyl, -OH, -OT, -ST, -COH, -COT, 
- SOH, -SOT, -SON(T)(T), TNTT, 
-T-N(T)-T-T), heterocyclo, or het 
eroaryl) 
0163 where 
0164. T is a bond, -SO-, or -C(O)-; 
0.165 T is -SO-, or -alkylene-O-, 
0166 T is alkyl, or cycloalkyl; 
0167] T'and T are independently H or alkyl; 
and 

0168 T and T' are hydrogen; 
0169 (c) (heteroaryl)alky where the heteroaryl 
group is optionally independently Substituted with 
one or more groups T', T, T selected from 
optionally Substituted alkyl, halo, cyano, nitro, 
oxo, (hydroxy)alkyl, -OH, -OT, -ST, 
-COH, -COT, -SOH, -SOT, 
-SON(T)(T), - TNT7T, T-N(T)- 
T-T, heterocyclo, or heteroaryl) 
0170 where 
0171 T is a bond, -SO-, or -C(O)-; 
0172) T is -SO-, or -alkylene-O-, 
0173 T is alkyl, or cycloalkyl; 
0174) T7 and T are independently H or alkyl; 
and 

0175 T and T' are hydrogen; 
0176 (d) (heterocyclo)alkyl where the heterocy 
clo group is optionally independently Substituted 
with one or more groups T', T, T selected 
from optionally Substituted alkyl, halo, cyano, 
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nitro, (hydroxy)alkyl, -OH, -OT, -ST, 
-COH, -COT, -SOH, -SOT, 
- TNT'T, T-N(T) T T, heterocy 
clo, or heteroaryl) 
0177 where 
0178 T is a bond, -SO-, or -C(O)-; 
0179 T is -SO-, or -alkylene-O-, 
0180 T is alkyl, or cycloalkyl; 
0181 T7 and T are independently H or alkyl; 
and 

0182 T and T' are hydrogen; 
0183 (e) alkyl optionally independently substi 
tuted with one or more groups T, T, T 
selected from -OH, -OT, -COH, -COT, 
- TNT7T or T-N(T) T-T) 
0184 where 
0185. Tis a bond; 
0186 T is -CO)-; 
0187 T is alkyl; 
0188 Tand Tare independently H or alkyl; 
and 

0189 T' is hydrogen; 
0190 (f) heterocyclo optionally independently 
substituted with one or more groups T', T, T' 
Selected from optionally Substituted alkyl (espe 
cially substituted with —TNTT), optionally 
Substituted aryl (especially substituted with halo 
gen or haloalkyl), cyano, -OH,-OT, -COH, 
-COT, oxo, hydroxy(alkyl), (alkoxy)alkyl, 
T-N(T) T- T, or T-NT7T) 

0191 where 
0.192 T is a bond or -C(O)-; 
0193 Tis-C(O)-, -SO-, or -alkylene 
C(O)O-; 

0194 T is alkyl, alkoxy, or heteroaryl; 
0.195 T7 and T are independently H, alkyl, or 
cycloalkyl, 

0196) or T7 and T together with the nitrogen 
atom to which they are attached combine to 
form a an optionally Substituted heterocyclo 
ring, 

0197) or R and R together with the nitrogen atom 
to which they are attached combine to form a het 
erocylco ring Selected from pyrrolidinyl, piperadi 
nyl, piperazinyl, morpholinyl, diaZapanyl or 1,4- 
dioxa-8-azaspiro4.5decan-8-yl), any of which are 
optionally independently Substituted with one to 
three groups T', T, T selected from optionally 
substituted alkyl (especially substituted with 
-TNTT), optionally substituted aryl (especially 
Substituted with halogen or haloalkyl), cyano, -OH, 
-OT, -COH, -COT, oxo, hydroxy(alkyl), 
(alkoxy)alkyl, -T-N(T)-T-T, or - T' 
NT7T) 
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0198 where 
0199 Tis a bond or -C(O)-; 
0200 T is -C(O)-, -SO-, or -alkylene 
C(O)O-; 

0201 T is alkyl, alkoxy, or heteroaryl; 
0202) T7 and T are independently H, alkyl, or 
cycloalkyl, 

0203 or T7 and T together with the nitrogen 
atom to which they are attached combine to form 
a an optionally Substituted heterocyclo ring, 

0204 R is hydrogen or alkyl; 
0205 R is 
0206 (a) hydrogen; 
0207 (b) (aryl)alkyl where the aryl group is 
optionally independently Substituted with one or 
more groups T', T, Tselected from optionally 
Substituted alkyl, halo, cyano, nitro, (hydroxy 
)alkyl, -OH,-OT, -ST, -COH, -COT, 
- SOH, -SOT, -SON(T)(T), TNTT, 
-T-N(T)-TT heterocyclo, or heteroaryl) 
0208 where 
0209 T is a bond, -SO-, or -C(O)-; 
0210 T is -SO-, or -alkylene-O-, 
0211 Tis alkyl, or cycloalkyl; 
0212 T7 and T are independently H or alkyl; 
and 

0213 T and T' are hydrogen; 
0214) (c) (heteroaryl)alky where the heteroaryl 
group is optionally independently Substituted with 
one or more groups T', T, T selected from 
optionally Substituted alkyl, halo, cyano, nitro, 
oxo, (hydroxy)alkyl, -OH, -OT, -ST, 
-COH, -COT, -SOH, -SOT, 
-SON(T)(T), - TNT7T, T-N(T)- 
T-T, heterocyclo, or heteroaryl) 
0215 where 
0216) T is a bond, -SO-, or -C(O)-; 
0217) T is -SO-, or -alkylene-O-, 
0218 T is alkyl, or cycloalkyl; 
0219. T7 and T are independently H or alkyl; 
and 

0220 T and T' are hydrogen; 
0221 (d) (heterocyclo)alkyl where the heterocy 
clo group is optionally independently Substituted 
with one or more groups T', T, T selected 
from optionally Substituted alkyl, halo, cyano, 
nitro, (hydroxy)alkyl, -OH, -OT, -ST, 
-COH, -COT, -SOH, -SOT, 
- TNTT, T-N(T) T T, heterocy 
clo, or heteroaryl) 
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0222 where 

0223) T is a bond, -SO-, or -C(O)-; 
0224) T is -SO-, or -alkylene-O-, 
0225 T is alkyl, or cycloalkyl; 
0226) T7 and T are independently H or alkyl; 
and 

0227 T and T' are hydrogen; 
0228 (e) alkyl optionally independently substi 
tuted with one or more groups T', T, T 
selected from -OH, -OT, -COH, -COT, 
- TNT7T or T-N(T) T T) 
0229 where 

0230 T is a bond; 
0231 Tis-CO)-; 
0232) T is alkyl; 
0233. T7 and T are independently H or alkyl; 
and 

0234) T' is hydrogen; 
0235 (f) heterocyclo optionally independently 
substituted with one or more groups T', T, T. 
selected from optionally Substituted alkyl (espe 
cially substituted with —TNTT), optionally 
Substituted aryl (especially substituted with halo 
gen or haloalkyl), cyano, -OH,-OT, -COH, 
-COT, oxo, hydroxy(alkyl), (alkoxy)alkyl, 
T-N(T) T- T, or T-NT7T) 

0236 where 

0237) T is a bond or -C(O)-; 
0238 T is -C(O)-, -SO-, or -alkylene 
C(O)O-; 

0239) T is alkyl, alkoxy, or heteroaryl; 
0240 T7 and T are independently H, alkyl, or 
cycloalkyl, 

0241 or T7 and T together with the nitrogen 
atom to which they are attached combine to 
form a an optionally Substituted heterocyclo 
ring, 

0242) or R and R together with the nitrogen atom 
to which they are attached combine to form a het 
erocylco ring Selected from pyrrolidinyl, piperadi 
nyl, piperazinyl, morpholinyl, diaZapanyl or 1,4- 
dioxa-8-azaspiro4.5decan-8-yl), any of which are 
optionally independently Substituted with one to 
three groups T', T, T selected from optionally 
substituted alkyl (especially substituted with 
-TNTT), optionally substituted aryl (especially 
Substituted with halogen or haloalkyl), cyano, -OH, 
-OT, -COH, -COT, oxo, hydroxy(alkyl), 
(alkoxy)alkyl, -T-N(T)-T-T, or - T' 
NT7T) 
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0243 where 

0244) T is a bond or -C(O)-; 
0245 T is -C(O)-, -SO-, or -alkylene 
C(O)O-; 

0246 T is alkyl, alkoxy, or heteroaryl; 
0247 T7 and T are independently H, alkyl, or 
cycloalkyl, 

0248 or T7 and T together with the nitrogen 
atom to which they are attached combine to 
form a an optionally Substituted heterocyclo 
ring. 

0249 Preferred compounds of the present invention 
include compounds of Formula (II), 

II 
Z. 

J 
N1 N 

R - - n N L 

0250) where: 

0251 Z, J and L are as described above (including 
preferred groups); 

0252) R is 

S. 
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-continued 

0253) wherein: 
0254 W is O or S, more preferably S; p y 

0255 X is NHT or OT; 
0256 X and X’ are independently hydrogen, halo, 
OT, alkyl, or haloalkyl; 

0257) X is heteroaryl (preferably, pyrimidinyl, imi 
dazolyl, oxazolyl, or thiazolyl any of which may be 
further optionally substituted), cyano, C(O),T, or 
S(O)NTT; and 

0258 X is alkyl, haloalkyl, NHT or OT. 
0259 Compounds within the scope of the Formulas I and 

II include dual PDE7-PDE4 inhibitors of the following 
Formula III: 

III 
Z. 

J' 
N N 

R2a us 2 
YN N NR5aR6a 

0260 wherein 

0261) R' is H or alkyl; 
0262) R' is optionally substituted heteroaryl; 
0263 Z* is halogen, alkyl, Substituted alkyl, 
haloalkyl, NR'R'', -C(O)-N(T) T-H, 
-C(O)-N(T)-T-T), optionally substituted 
aryl or optionally Substituted heteroaryl; 

0264) R' is hydrogen or alkyl; 
0265) R' is alkyl, alkoxy, optionally substituted 
(heteroaryl)alkyl, optionally Substituted heterocylo, 
optionally Substituted (heterocyclo)alkyl, or (aryl)a- 
lkyl wherein the aryl group is Substituted with one or 
two groups T and T and optionally further sub 
stituted with a group T; 

0266) or R* and R" together with the nitrogen atom 
to which they are attached may combine to form an 
optionally Substituted heterocyclo ring; 
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0267 R is optionally substituted (heteroaryl)alkyl, 
or (aryl)alkyl wherein the aryl group is Substituted 
with one or two groups T and T and optionally 
further substituted with a group T; or R and R' 
together with the nitrogen atom to which they are 
attached may combine to form an optionally Substi 
tuted heterocyclo ring; 

0268) 
0269) 
0270 T and T are independently alkoxy, alkoxy 
carbonyl, heteroaryl SOH or OR where R is 
alkyl, amino, alkylamino or dialkylamino; 

R" is hydrogen or alkyl; 
J* is hydrogen or alkyl; 

0271 or T and T together with the aryl ring to 
which they are attached may combine to form a 
bicyclic ring (e.g., benzodioxole); 

0272 T is H, alkyl, halo, haloalkyl or cyano. 
0273 Preferred compounds within Formula III are those 
wherein: 

0274) R' is H; 
0275 R is thiazolyl, oxazolyl, tetrahydroindolinyl, 
or isoxozolyl (preferably thiazolyl) any of which 
may be optionally substituted (preferably with one or 
more alkyl, alkylcarbonyl or alkoxycarbonyl 
groups); 

0276 Z* is halogen, alkyl, haloalkyl, NR'R'', 
C(O)-N(T) T-H, or –C(O)-N(T) 

T5 To; 
0277 R is hydrogen; 
0278) R' is alkyl, alkoxy, haloalkyl, or optionally 
Substituted (heterocyclo)alkyl, especially where the 
heterocyclo ring is morpholinyl, pyrrolidinyl or tet 
rahydrofuranyl, 

0279 or R and R together with the nitrogenatom 
to which they are attached may combine to form an 
optionally Substituted heterocyclo ring, especially 
piperazine or piperidine or morpholine optionally 
Substituted with one or more alkyl, (hydroxy)alkyl, 
hydroxy, -C(O)NTT, cyano, oxo, -COH, or 
-COT; 

0280 R is 
0281) a) (phenyl)alkyl where the phenyl group is 
Substituted with one or two alkoxy, alkoxycarbo 
nyl, heteroaryl (especially thiadiazolyl) or 
–SOR; 

0282 b) optionally substituted (heteroaryl)alkyl; 
O 

0283 c) optionally substituted (benzodiox 
ole)alkyl, especially (1,3-benzodioxole)alkyl, 

0284) 
0285) or R* and R* together with the nitrogenatom 
to which they are attached may combine to form an 
optionally Substituted heterocyclo ring, especially 
piperazine or piperidine or morpholine optionally 

R is hydrogen; 
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Substituted with one or more alkyl, (hydroxy)alkyl, 
hydroxy, -C(O)NTT, cyano, oxo, -COH, or 
-COT'; and 

0286 J* is hydrogen or alkyl. 

0287 More preferred compounds within Formula III are 
those wherein: 

0288) R' is hydrogen. 

0289 R2 is 

0290 where W is O or S (preferably S), X is alkoxy, and 
X is alkyl; 

0291 Z* is halogen, haloalkyl, oxazolyl, phenyl 
(optionally substituted with heteroaryl, COH or 
COT), -NR'R'', or -C(O)-N(H)-alkylene 
COOH: 

0292 R is hydrogen; 
0293 R" is alkyl, optionally substituted (morpholi 
nyl)alkyl, optionally Substituted (pyrrolidinyl)alkyl, 
or optionally substituted (tetrahydrofuranyl)alkyl; 

0294 or R and R together with the nitrogenatom 
to which they are attached may combine to form a 
piperazine, piperadine or morpholine ring optionally 
Substituted with one or more more alkyl, (hydroxy 
)alkyl, hydroxy, -C(O)NH, cyano, oxo, or -CO 
alkyl, 

0295). R1a is 
0296) a) (phenyl)alkyl where the phenyl group is 
Substituted with one or more alkoxy, alkoxycar 
bonyl, heteroaryl (especially thiadiazolyl) or 
–SOR; 

0297 b) (tetrazolyl)alkyl, or (pryidyl)alkyl; 

0298 c) optionally substituted (benzodiox 
ole)alkyl, especially (1,3-benzodioxole)alkyl, 

0299 R is hydrogen; 
0300 or R* and R* together with the nitrogenatom 
to which they are attached may combine to form an 
optionally Substituted heterocyclo ring, especially 
piperazine or piperidine or morpholine optionally 
Substituted with one or more alkyl, (hydroxy)alkyl, 
hydroxy, -C(O)NH2, cyano, oxo, or -CO, alkyl; 
and 

0301 J* is hydrogen or alkyl. 
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0302 Preferred compounds within the scope of formula 
III include: 

H3C N N N 

( ) u). 
) 

O 

O 

O 
HC M 

so 
CH 

() 
N 

HN 

HC 

N N1 N 

O W > l 2 
S N N NH 

H 
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) O 
HC M 

so 
CH 

t 

C 
N 

HC 
N N1 N 

O W > l 2 
S N N NH 

H 
O 

) O 
HC M 

so 
CH 

H3C 
H3C H3C NH 

\-o 
/ S 

2 / Sull-lels 
H H 

M 
S 
(SNH, 
O 
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7 N S. / Sull-lels 
O 

N 

0303. The following are definitions of the terms as used s s 
throughout this specification and claims. The initial defini 
tion provided for a group or term herein applies to that group 
or term throughout the present Specification, individually or 
as part of another group, unless otherwise indicated. 
0304) The terms “alk” or “alkyl” refer to straight or 
branched chain hydrocarbon groups having 1 to 12 carbon 
atoms, preferably 1 to 8 carbon atoms, Such as methyl, ethyl, 
n-propyl, i-propyl, n-butyl, i-butyl, t-butyl, pentyl, hexyl, 
heptyl, octyl, etc. Lower alkyl groups, that is, alkyl groups 
of 1 to 6 carbon atoms, are generally most preferred. 
0305 The term “substituted alkyl” refers to alkyl groups 
Substituted with one or more groups listed in the definition 
of T, T- and T, preferably selected from halo, cyano, 
O-R-7, S-R7, NRR, nitro, cycloalkyl, substituted 
cycloalkyl, Oxo, aryl, Substituted aryl, heterocyclo, het 
eroaryl, COR7, S(O).R., SOR7, SOR7, SONRRo, 
C(O)NRR, C(O)alkyl, and C(O)H. 
0306 The term “alkylene' refers to a straight chain 
bridge of 1 to 4 carbon atoms connected by Single bonds 
(e.g., -(CH2) - wherein X is 1 to 5), which may be 
Substituted with one or more groups listed in the definition 
of T, T- and T. 
0307 The term “alkenyl” refers to straight or branched 
chain hydrocarbon groups having 2 to 12 carbon atoms, 
preferably 2 to 4 carbon atoms, and at least one double 
carbon to carbon bond (either cis or trans), Such as ethenyl. 
0308 The term “substituted alkenyl” refers to an alkenyl 
group as defined above Substituted with one or more groups 
listed in the definition of T, T and T, preferably selected 
from halo, cyano, O-R7, S-R7, NRRo, nitro, cycloalkyl, 
Substituted cycloalkyl, OXO, aryl, Substituted aryl, heterocy 
clo, heteroaryl, CO.R., S(O).R., SOR, SOR7, SONR,R, 
C(O)NRR, C(O)alkyl, and C(O)H. 
0309 The term “alkynyl” refers to straight or branched 
chain hydrocarbon group having 2 to 12 carbon atoms and 
one, two or three triple bonds, preferably 2 to 6 carbon atoms 
and one triple bond. 
0310. The term “substituted alkynyl refers to an alkynyl 
group as defined above Substituted with one or more groups 
listed in the definition of T, T- and T, preferably selected 
from halo, cyano, O-R7, S-R7, NRRo, nitro, cycloalkyl, 
Substituted cycloalkyl, OXO, aryl, Substituted aryl, heterocy 
clo, heteroaryl, COR, S(O).R., SOR7, SOR7, SONRRo, 
C(O)NR8R, C(O)alkyl, and C(O)H. 
0311. The term “halo' refers to chloro, bromo, fluoro, 
and iodo. 

14 
Aug. 28, 2003 

0312 The term “cycloalkyl” refers to saturated and par 
tially unsaturated (containing 1 or 2 double bonds) cyclic 
hydrocarbon groups containing 1 to 3 rings, including 
monocyclicalkyl, bicyclicalkyl and tricyclicalkyl, contain 
ing a total of 3 to 20 carbons forming the rings, preferably 
3 to 7 carbons, forming the ring and which may be fused to 
1 or 2 aromatic or heterocyclo rings, which include cyclo 
propyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, 
cyclooctyl, cyclodecyl, cyclododecyl, cyclohexenyl, 

al 
O 
S. 
CO 
da Ye A 

N 
n 

2 

al 
cro 
-CO 

N 

O and the like. 

0313 The term “substituted cycloalkyl” refers to such 
cycloalkyl group as defined above Substituted with one or 
more groups listed in the definition of T, T- and T, 
preferably Selected from halogen, nitro, alkyl, Substituted 
alkyl, alkenyl, cyano, cycloalkyl, Substituted cycloalkyl, 
aryl, Substituted aryl, heterocyclo, heteroaryl, OXO, OR7, 
COR2, C(O)NRR, OC(O)R., OC(O)OR7, OC(O)NRR, 
OCHCOR, C(O)R, NRs.R., NRC(O)R, 
NRC(O)OR, NRC(O)C(O)OR, 
NRC(O)C(O)NRR, NRC(O)C(O)alkyl, 
NRC(NCN)OR, NRC(O)NRR, 
NRC(NCN)NRR, NRC(NR)NRRo, 
NRSONRR, NRSOR7, SR 7, S(O)R7, SOR, 
SOR, SONRR, NHOR, NRNRR, N(COR)OR, 
N(COR)OR, C(O)NRo(CRR), R7, 
CO(CRR)pO(CRR)qCOR, CO(CRR)rOR, 
CO(CRR)pO(CRR)qR7, CO(CRR)rNR,R, 
OC(O)O(CRR)mNRRo, OC(O)N(CRR)rR7, 
O(CRR)mNRR, NRC(O)(CRR)rR, 
NRC(O)(CRR)rOR7, NRC(=NC)(CRR)rR7, 
NRCO(CRR)rNRRo, NRo(CRR)mOR7, 
NR(CRR)rCOR7, NR(CRR)mNRR, 
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CONRo(CRR)nSO(CRRs)qR7, 
SO2NRo(CRR)nCO(CRRs)qR7, and 
SONRo(CRR)mOR7. 
0314. The terms “ar” or “aryl” refer to aromatic homocy 
clic (i.e., hydrocarbon) mono-, bi- or tricyclic ring-contain 
ing groups preferably having 6 to 12 memberS Such as 
phenyl, naphthyl and biphenyl, as well as Such rings fused 
to a cycloalkyl, cycloalkenyl, heterocyclo, or heteroaryl 
ring. Examples include: 

1N 1N 
S4 N4 s 

YN y 1N 
N4 O N4 s 

O 

YN YN N 
o N 

N4 s San 4 
O 

-N NN 
Ne el, and the like. 

0315) The term “substituted aryl” refers to such aryl 
groups as defined above Substituted with one or more groups 
listed in the definition of T, T and T, preferably selected 
from halogen, nitro, alkyl, Substituted alkyl, alkenyl, cyano, 
cycloalkyl, Substituted cycloalkyl, aryl, Substituted aryl, 
heterocyclo, heteroaryl, OR, COR2, C(O)NR.R., 
OC(O)R7, OC(O)OR, OC(O)NRR, OCHCOR, 
C(O)R7, NRR, NRC(O)R, NRC(O)OR, 
NRC(O)C(O)OR, NRC(O)C(O)NRR, 
NRC(O)C(O)alkyl, NRC(NCN)OR, NRC(O)NRR, 
NRC(NCN)NRR, NRC(NR)NRs.R., 
NRSONRR, NRSOR7, SR 7, S(O)R7, SOR, 
SOR, SONRR, NHOR, NRNRR, N(COR)OR, 

NRo(CRR)nSO(CRRs)qR7, 
CONRo(CRR)nSO(CRRs)qR7, 
SO2NRo(CRR)nCO(CRRs)qR7, and 
SONR(CRR)mOR, as well as pentafluorophenyl. 
0316) The terms “heterocycle”, “heterocyclic”, “hetero 
cyclic group” or "heterocyclo” refer to fully saturated or 
partially unsaturated cyclic groups (for example, 3 to 13 
member monocyclic, 7 to 17 member bicyclic, or 10 to 20 
member tricyclic ring Systems, preferably containing a total 
of 3 to 10 ring atoms) which have at least one heteroatom in 
at least one carbon atom-containing ring. Each ring of the 
heterocyclic group containing a heteroatom may have 1, 2, 
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3 or 4 heteroatoms Selected from nitrogen atoms, oxygen 
atoms and/or Sulfur atoms, where the nitrogen and Sulfur 
heteroatoms may optionally be oxidized and the nitrogen 
heteroatoms may optionally be quaternized. The heterocy 
clic group may be attached at any heteroatom or carbon atom 
of the ring or ring System. The rings of multi-ring hetero 
cycles may be either fused, bridged and/or joined through 
one or more Spiro unions. Exemplary heterocyclic groups 
include 

() {x YC 
W N - O N 

- ). (r >XO 

N and the like. 

0317. The terms “substituted heterocycle” or “substituted 
heterocycle' and the like refer to Such heterocylo groups as 
defined above Substituted with one or more groups listed in 
the definition of T, T- and T, preferably selected from 
halogen, nitro, alkyl, Substituted alkyl, alkenyl, cyano, 
cycloalkyl, Substituted cycloalkyl, aryl, Substituted aryl, 
heterocyclo, heteroaryloxo, OR, COR, C(O)NRRo, 
OC(O)R, OC(O)OR, OC(O)NRR, OCHCOR, 
C(O)R., NRR, NRC(O)R, NRC(O)OR, 
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NRC(O)C(O)OR, NRC(O)C(O)NRR, 
NRC(O)C(O)alkyl, NRC(NCN)OR, NRC(O)NRR, -continued 
NRC(NCN)NRR, NRC(NR)NRRo, th 
NRSONRR, NRSOR7, SR 7, S(O)R7, SOR, ON f N 
SOR, SONRR, NHOR, NRNRR, N(COR)OR, 2 S5 
N(COR)OR, C(O)NR(CRR)rR, -N, N f s 
CO(CRR)pO(CRR)qCOR, CO(CRR)rOR, 
CO(CRR)pO(CRRs)qR7, CO(CRR)rNRRo, N N 
OC(O)O(CRR)mNRR, OC(O)N(CRR)rR, s 7 s 
O(CRR)mNRRo, NRC(O)(CRR)rR7, / \us is e 
NRC(O)(CRR)rOR7, NRC(=NC)(CRR)rR7, o 
NRCO(CRR)rNRRo, NRo(CRR)mOR7, N 
NR(CRR)rCOR7, NR(CRR)mNRR, H5CO 
NRo(CRR)qR7, N N 
CONRo(CRR)nSO(CRRs)qR7, m -- 
SO2NRo(CRR)nCO(CRRs)qR7, and e s 2N 
SONR(CRR)mOR7. N 

0318. The term “heteroaryl” as used herein alone or as 
part of another group refers to a 5- 6- or 7- membered SN N 
aromatic rings containing from 1 to 4 nitrogen atoms and/or 2 O. 
1 or 2 oxygen or Sulfur atoms provided that the ring contains 
at least 1 carbon atom and no more than 4 heteroatoms. The N s 
heteroaryl ring is linked through an available carbon or -- 
nitrogen atom. Also included within the definition of het- 2 s 2N 
eroaryl are Such rings fused to a cycloalkyl, aryl, cyclohet 
eroalkyl, or another heteroaryl ring. One, two, or three 
available carbon or nitrogen atoms in the heteroaryl ring can 1 n 
be optionally substituted with substituents listed in the 
description of T, T- and T. Also an available nitrogen or / 
Sulfur atom in the heteroaryl ring can be oxidized. Examples 

N21 of heteroaryl rings include | 

1.4 S S N 

y y “S \-/. y = \ 
I I i? 

N 
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-continued 

S , -S-S , 8. s 
NNN 1 N-N 
\l Nelse, 

1S 1. 13. 

s s etc. 

0319) 
0320. The term “substituted heteroaryl” refers to such 
heteroaryl groups as defined above Substituted on any avail 
able atom with one or more groups listed in the definition of 
T', T and T, preferably selected from” refers to such 
heterocylo groups as defined above Substituted with one or 
more groups listed in the definition of T, T and T, 
preferably Selected from halogen, nitro, alkyl, Substituted 
alkyl, alkenyl, cyano, cycloalkyl, Substituted cycloalkyl, 
aryl, Substituted aryl, heterocyclo, heteroaryl, OR, COR7, 
C(O)NRR, OC(O)R., OC(O)OR7, OC(O)NRR, 
OCHCOR, C(O)R, NRR, NRC(O)R, 
NRC(O)OR, NRC(O)C(O)OR, 
NRC(O)C(O)NRR, NRC(O)C(O)alkyl, 
NRC(NCN)OR, NRC(O)NRR, 
NRC(NCN)NRR, NRC(NR)NRRo, 
NRSONR,R, NRSOR7, SR, S(O)R., SOR, 
SONRR, NHOR, NRNRR, N(COR)OR, 
N(COR)OR, C(O)NR(CRR), R7, 
CO(CRR)pO(CRR)qCOR, CO(CRR)rOR, 
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NRo(CRR)nSO(CRRs)qR7, 
CONR(CRR)nSO(CRR)qR7, 
SONR(CRR)nCO(CRR)qR7, and 
SONR(CRR)mOR7. 
0321) R-7, Rio, and R, are independently selected from 
the group consisting of hydrogen, alkyl, Substituted alkyl, 
alkenyl, alkynyl, cycloalkyl, Substituted cycloalkyl, 
C(O)alkyl, C(O)Substituted alkyl, C(O)cycloalkyl, C(O) 
substituted cycloalkyl, C(O)aryl, C(O)Substituted aryl, 
C(O)Oalkyl, C(O)Osubstituted alkyl, C(O)heterocyclo, 
C(O)heteroaryl, aryl, Substituted aryl, heterocyclo and het 
eroaryl. 

0322 Rs and Ro are independently selected from the 
group consisting of hydrogen, alkyl, Substituted alkyl, 
cycloalkyl, Substituted cycloalkyl, alkenyl, alkynyl, 
C(O)alkyl, C(O)Substituted alkyl, C(O)cycloalkyl, C(O)Sub 
stituted cycloalkyl, C(O)aryl, C(O)Substituted aryl, 
C(O)Oalkyl, C(O)OSustituted alkyl, C(O)heterocyclo, 
C(O)heteroaryl, S(O)-alkyl, S(O)Substituted alkyl, 
S(O)cycloalkyl, S(O)Substituted cycloalkyl, S(O)aryl, 
S(O)Substituted aryl, S(O)-heterocyclo, S(O) heteroaryl, 
aryl, Substituted aryl, heterocyclo, and heteroaryl or Rs and 
Ro taken together with the nitrogen atom to which they are 
attached complete a heterocyclo or heteroaryl ring. 
0323 R and R are independently selected from 
hydrogen and alkyl or 1 to 4 carbons. 
0324 R and Rs are independently selected from 
hydrogen, alkyl of 1 to 4 carbons, and Substituted alkyl or 1 
to 4 carbons. 

0325 n is zero or an integer from 1 to 4. 
0326 
0327 p is an integer from 1 to 3. 

m is an integer from 2 to 6. 

0328 q is zero or an integer from 1 to 3. 
0329 

0330 T, T, and T are are each independently 
0331 (1) hydrogen or T, where T is 
0332 (i) alkyl, (hydroxy)alkyl, (alkoxy)alkyl, 
alkenyl, alkynyl, cycloalkyl, (cycloalkyl)alkyl, 
cycloalkenyl, (cycloalkenyl)alkyl, aryl, (aryl)a- 
lkyl, heterocyclo, (heterocylco)alkyl, het 
eroaryl, or (heteroaryl)alkyl, 

0333 (ii) a group (i) which is itself substituted 
by one or more of the same or different groups 
(i); or 

0334 (iii) a group (i) or (ii) which is indepen 
dently substituted by one or more (preferably 1 
to 3) of the following groups (2) to (13) of the 
definition of T, T- and T; 

0335 (2) –OH or –OT, 
0336 (3) -SH or -ST, 

r is Zero or an integer from 1 to 6. 
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0337 (4) –C(O)H, -C(O)T, 
-O-C(O)T, where t is 1 or 2; 

O 

0338) (5) –SOH, -S(O)T, or S(O)N(T)T, 
0339 (6) halo, 
0340 (7) cyano, 
0341 (8) nitro, 
0342 (9) - T-NTT, 
0343 (10) - T-N(T) T NTT, 
0344) (11) - T-N(T) T T, 
0345 (12) - T-N(T) T-H, 
0346 (13) oxo, 

0347 T and T are each independently 
0348 (1) a single bond, 
0349 (2) - T-S(O) T-, 
0350 (3) - T'-C(O)-T-, 
0351 (4) - T-C(S) T-, 
0352 (5) - T'-O-T-, 
0353 (6) - T-S-T'?-, 
0354 (7) - T'-O-C(O)–T-, 
0355 (8) - T-C(O)-O-T-, 
0356) (9) - T'-C(=NT) T-, or 
0357 (10) - T'-C(O)–C(O)-T- 

0358) T7..T.T.T. and To 
0359 (1) are each independently hydrogen or a 
group provided in the definition of T, or 

0360 (2) T7 and T may together be alkylene or 
alkenylene, completing a 3- to 8-membered Satu 
rated or unsaturated ring together with the atoms 
to which they are attached, which ring is unsub 
Stituted or Substituted with one or more groups 
listed in the description of T, T and T, or 

0361 (3) T7 or T, together with T, may be 
alkylene or alkenylene completing a 3- to 8-mem 
bered Saturated or unsaturated ring together with 
the nitrogen atoms to which they are attached, 
which ring is unsubstituted or substituted with one 
or more groups listed in the description of T, T 
and T, or 

0362 (4) T7 and Tor T and T together with the 
nitrogen atom to which they are attached may 
combine to form a group -N=CT'T' where 
T and T' are each independently H or a group 
provided in the definition of T; and 

0363 T' and T' are each independently 
0364 (1) a single bond, 
0365 (2) alkylene, 
0366 (3) alkenylene, or 
0367 (4) alkynylene. 
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0368 “T cell-mediated diseases” refers to any disorder or 
disease state in which modulation of the activity of T cells 
is implicated in a proceSS which results in either a patho 
physiological State or a process where the normal function of 
T cells is intended to be Suppressed for therapeutic benefit. 
Examples of T cell mediated disorders include transplant 
rejection, graph verses host disease, and autoimmune dis 
orders, Such as rheumatoid arthritis, multiple Sclerosis, juve 
nile diabetes, asthma, and inflammatory bowel disease, 
T-cell mediated hyperSensitivity diseases, ischemic or rep 
erfusion injury, and T-cell proliferative disorders. 

0369 PDE7 inhibitors in accordance with the present 
invention are employed, typically in the form of a pharma 
ceutical composition including a pharmaceutically accept 
able carrier for the treatment of T-cell mediated disease. The 
compounds employed for this purpose are typically admin 
istered in an amount from about 0.01 to 100 mg/kg/day. 
0370. The pharmaceutical compositions comprising at 
least one PDE7 inhibitor may be formulated, for example, 
by employing conventional Solid or liquid vehicles or dilu 
ents, as well as pharmaceutical additives of a type appro 
priate to the mode of desired administration (for example, 
excipients, binders, preservatives, stabilizers, flavors, etc.) 
according to techniques Such as those well known in the art 
of pharmaceutical formulation. 

0371) The PDE7 inhibitors may be administered by any 
Suitable means, for example, orally, Such as in the form of 
tablets, capsules, granules or powders; Sublingually; buc 
cally; parenterally, Such as by Subcutaneous, intravenous, 
intramuscular, or intrasternal injection or infusion tech 
niques (e.g., as Sterile injectable aqueous or non-aqueous 
Solutions or Suspensions); nasally Such as by inhalation 
Spray; topically, Such as in the form of a cream or ointment; 
or rectally Such as in the form of Suppositories, in dosage 
unit formulations containing non-toxic, pharmaceutically 
acceptable vehicles or diluents. The present compounds 
may, for example, be administered in a form Suitable for 
immediate release or extended release. Immediate release or 
extended release may be achieved by the use of suitable 
pharmaceutical compositions comprising the present com 
pounds, or, particularly in the case of extended release, by 
the use of devices Such as Subcutaneous implants or OSmotic 
pumps. The present compounds may also be administered in 
the form of liposomes. 

0372 Exemplary compositions for oral administration 
include Suspensions which may contain, for example, micro 
crystalline cellulose for imparting bulk, alginic acid or 
Sodium alginate as a Suspending agent, methylcellulose as a 
Viscosity enhancer, and SweetenerS or flavoring agents Such 
as those known in the art; and immediate release tablets 
which may contain, for example, microcrystalline cellulose, 
dicalcium phosphate, Starch, magnesium Stearate and/or 
lactose and/or other excipients, binders, extenders, disinte 
grants, diluents and lubricants Such as those known in the 
art. The present compounds may also be delivered through 
the oral cavity by Sublingual and/or buccal administration. 
Molded tablets, compressed tablets or freeze-dried tablets 
are exemplary forms which may be used. Exemplary com 
positions include those formulating the present compound(s) 
with fast dissolving diluents Such as mannitol, lactose, 
Sucrose and/or cyclodextrins. Also included in Such formu 
lations may be high molecular weight excipients Such as 
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celluloses (avicel) or polyethylene glycols (PEG). Such 
formulations may also include an excipient to aid mucosal 
adhesion such as hydroxy propyl cellulose (HPC), hydroxy 
propyl methyl cellulose (HPMC), sodium carboxy methyl 
cellulose (SCMC), maleic anhydride copolymer (e.g., Gan 
trez), and agents to control release Such as polyacrylic 
copolymer (e.g., Carbopol 934). Lubricants, glidants, fla 
Vors, coloring agents and Stabilizers may also be added for 
ease of fabrication and use. 

0373) Exemplary compositions for nasal aerosol or inha 
lation administration include Solutions in Saline which may 
contain, for example, benzyl alcohol or other Suitable pre 
Servatives, absorption promoters to enhance bioavailability, 
and/or other Solubilizing or dispersing agents Such as those 
known in the art. 

0374 Exemplary compositions for parenteral administra 
tion include injectable Solutions or Suspensions which may 
contain, for example, Suitable non-toxic, parenterally 
acceptable diluents or Solvents, Such as mannitol, 1,3-bu 
tanediol, water, Ringer's Solution, an isotonic Sodium chlo 
ride Solution, or other Suitable dispersing or wetting and 
Suspending agents, including Synthetic mono- or diglycer 
ides, and fatty acids, including oleic acid. 
0375 Exemplary compositions for rectal administration 
include Suppositories which may contain, for example, a 
Suitable non-irritating excipient, Such as cocoa butter, Syn 
thetic glyceride esters or polyethylene glycols, which are 
Solid at ordinary temperatures, but liquefy and/or dissolve in 
the rectal cavity to release the drug. 
0376 Exemplary compositions for topical administration 
include a topical carrier Such as Plastibase (mineral oil 
gelled with polyethylene). 
0377 The effective amount of a compound employed in 
the present invention may be determined by one of ordinary 
skill in the art, and includes exemplary dosage amounts for 
an adult human of from about 0.01 to 100 mg/kg of body 
weight of active compound per day, which may be admin 
istered in a single dose or in the form of individual divided 
doses, Such as from 1 to 4 times per day. It will be 
understood that the Specific dose level and frequency of 
dosage for any particular Subject may be varied and will 
depend upon a variety of factors including the activity of the 
Specific compound employed, the metabolic Stability and 
length of action of that compound, the Species, age, body 
weight, general health, SeX and diet of the Subject, the mode 
and time of administration, rate of excretion, drug combi 
nation, and Severity of the particular condition. Preferred 
Subjects for treatment include animals, most preferably 
mammalian species Such as humans, and domestic animals 
Such as dogs, cats and the like, Subject to inflammatory, 
immunological, or respiratory cell-associated disorders. 

0378 PDE7 inhibitors for use in the treatment of various 
T-cell mediated diseases are those covered by Formula I 
0379 Compounds of Formula I include salts, prodrugs 
and Solvates. The term "salt(s)', as employed herein, 
denotes acidic and/or basic Salts formed with inorganic 
and/or organic acids and bases. Zwitterions (internal or inner 
salts) are included within the term “salt(s)" as used herein 
(and may be formed, for example, where the R Substituents 
comprise an acid moiety Such as a carboxyl group). Also 
included herein are quaternary ammonium Salts. Such as 
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alkylammonium salts. Pharmaceutically acceptable (i.e., 
non-toxic, physiologically acceptable) salts are preferred, 
although other Salts are useful, for example, in isolation or 
purification Steps which may be employed during prepara 
tion. Salts of the compounds of the formula I may be formed, 
for example, by reacting a compound I with an amount of 
acid or base, Such as an equivalent amount, in a medium 
Such as one in which the Salt precipitates or in an aqueous 
medium followed by lyophilization. 
0380 Exemplary acid addition salts include acetates 
(Such as those formed with acetic acid or trihaloacetic acid, 
for example, trifluoroacetic acid), adipates, alginates, ascor 
bates, aspartates, benzoates, benzeneSulfonates, bisulfates, 
borates, butyrates, citrates, camphorates, camphorSul 
fonates, cyclopentanepropionates, digluconates, dodecylsul 
fates, ethaneSulfonates, fumarates, glucoheptanoates, glyc 
erophosphates, hemisulfates, heptanoates, hexanoates, 
hydrochlorides, hydrobromides, hydroiodides, 2-hydroxy 
ethaneSulfonates, lactates, maleates, methaneSulfonates, 
2-naphthaleneSulfonates, nicotinates, nitrates, oxalates, pec 
tinates, perSulfates, 3-phenylpropionates, phosphates, 
picrates, pivalates, propionates, Salicylates, Succinates, Sul 
fates (such as those formed with Sulfuric acid), Sulfonates 
(Such as those mentioned herein), tartrates, thiocyanates, 
toluenesulfonates, undecanoates, and the like. 
0381 Exemplary basic salts (formed, for example, where 
the R Substituents comprise an acidic moiety Such as a 
carboxyl group) include ammonium salts, alkali metal Salts 
Such as Sodium, lithium, and potassium Salts, alkaline earth 
metal Salts Such as calcium and magnesium salts, Salts with 
organic bases (for example, organic amines) Such as benza 
thines, dicyclohexylamines, hydrabamines, N-methyl-D- 
glucamines, N-methyl-D-glucamides, t-butyl amines, and 
Salts with amino acids Such as arginine, lysine and the like. 
The basic nitrogen-containing groupS may be quaternized 
with agents Such as lower alkyl halides (e.g. methyl, ethyl, 
propyl, and butyl chlorides, bromides and iodides), dialkyl 
Sulfates (e.g. dimethyl, diethyl, dibutyl, and diamyl Sulfates), 
long chain halides (e.g. decyl, lauryl, myristyl and Stearyl 
chlorides, bromides and iodides), aralkyl halides (e.g. benzyl 
and phenethyl bromides), and others. 
0382 Prodrugs and solvates of the compounds of the 
invention are also contemplated herein. The term “prodrug”, 
as employed herein, denotes a compound which, upon 
administration to a Subject, undergoes chemical conversion 
by metabolic or chemical processes to yield a compound of 
the Formula I, or a salt and/or Solvate thereof. Solvates of the 
compounds of Formula I are preferably hydrates. 
0383 All stereoisomers of the present compounds, such 
as those which may exist due to asymmetric carbons on the 
R substituents of the compound of the formula I, including 
enantiomeric and diastereomeric forms, are contemplated 
within the scope of this invention. Individual stereoisomers 
of the compounds of the invention may, for example, be 
Substantially free of other isomers, or may be admixed, for 
example, as racemates or with all other, or other Selected, 
Stereoisomers. The chiral centers of the present invention 
can have the S or R configuration as defined by the IUPAC 
1974 Recommendations. 

0384. The compounds of Formula I are typically 
employed as part of a pharmaceutical composition including 
a pharmaceutically acceptable carrier for the treatment of 
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respiratory and non-respiratory diseases. The compounds 
employed for this purpose are typically administered in an 
amount of from about 0.01 to 100 mg/kg/day. The com 
pounds of Formula I are especially effective in inhibiting the 
PDE7 enzyme. Additionally a subset of compounds are also 
effective at inhibiting PDE4. 

0385) The pharmaceutical composition comprising at 
least one compound of Formula I may be formulated, for 
example, by employing conventional Solid or liquid vehicles 
or diluents, as well as pharmaceutical additives of a type 
appropriate to the mode of desired administration (for 
example, excipients, binders, preservatives, Stabilizers, fla 
Vors, etc.) according to techniques Such as those well known 
in the art of pharmaceutical formulation. 

0386 The compounds of Formula I may be administered 
by any Suitable means, for example, orally, Such as in the 
form of tablets, capsules, granules or powders; Sublingually; 
bucally, parenterally, Such as by Subcutaneous, intravenous, 
intramuscular, or intrasternal injection or infusion tech 
niques (e.g., as Sterile injectable aqueous or non-aqueous 
Solutions or Suspensions); nasally Such as by inhalation 
Spray; topically, Such as in the form of a cream or ointment; 
or rectally Such as in the form of Suppositories, in dosage 
unit formulations containing non-toxic, pharmaceutically 
acceptable vehicles or diluents. The present compounds may 
be based for immediate release or extended release by the 
use of Suitable pharmaceutical compositions comprising the 
present compounds, or, particularly in the case of extended 
release, by the use of devices Such as Subcutaneous implants 
or osmotic pumps. The present compounds may also be 
administered liposomally. 

0387 Exemplary compositions for oral administration 
include Suspensions which may contain, for example, micro 
crystalline cellulose for imparting bulk, alginic acid or 
Sodium alginate as a Suspending agent, methylcellulose as a 
Viscosity enhancer, and SweetenerS or flavoring agents Such 
as those known in the art, and immediate release tablets 
which may contain, for example, microcrystalline cellulose, 
dicalcium phosphate, Starch, magnesium Stearate and/or 
lactose and/or other excipients, binders, extenders, disinte 
grants, diluents and lubricants Such as those known in the 
art. The present compounds may also be delivered through 
the oral cavity by Sublingual and/or buccal administration. 
Molded tablets, compressed tablets or freeze-dried tablets 
are exemplary forms which may be used. Exemplary com 
positions include those formulating the present compound(s) 
with fast dissolving diluents Such as mannitol, lactose, 
Sucrose and/or cyclodextrins. Also included in Such formu 
lations may be high molecular weight excipients Such as 
celluloses (avicel) or polyethylene glycols (PEG). Such 
formulations may also include an excipient to aid mucosal 
adhesion such as hydroxy propyl cellulose (HPC), hydroxy 
propyl methyl cellulose (HPMC), sodium carboxy methyl 
cellulose (SCMC), maleic anhydride copolymer (e.g., Gan 
trez), and agents to control release Such as polyacrylic 
copolymer (e.g., Carbopol 934). Lubricants, glidants, fla 
Vors, coloring agents and Stabilizers may also be added for 
ease of fabrication and use. 

0388 Exemplary compositions for nasal aerosol or inha 
lation administration include Solutions in Saline which may 
contain, for example, benzyl alcohol or other Suitable pre 
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Servatives, absorption promoters to enhance bioavailability, 
and/or other Solubilizing or dispersing agents Such as those 
known in the art. 

0389 Exemplary compositions for parenteral administra 
tion include injectable Solutions or Suspensions which may 
contain, for example, Suitable non-toxic, parenterally 
acceptable diluents or Solvents, Such as mannitol, 1,3-bu 
tanediol, water, Ringer's Solution, an isotonic Sodium chlo 
ride Solution, or other Suitable dispersing or wetting and 
Suspending agents, including Synthetic mono- or diglycer 
ides, and fatty acids, including oleic acid. 
0390 Exemplary compositions for rectal administration 
include Suppositories which may contain, for example, a 
Suitable non-irritating excipient, Such as cocoa butter, Syn 
thetic glyceride esters or polyethylene glycols, which are 
Solid at ordinary temperatures, but liquefy and/or dissolve in 
the rectal cavity to release the drug. 
0391 Exemplary compositions for topical administration 
include a topical carrier Such as Plastibase (mineral oil 
gelled with polyethylene). 
0392 The effective amount of a compound of the present 
invention may be determined by one of ordinary skill in the 
art, and includes exemplary dosage amounts for an adult 
human from about 0.01 to 100 mg/kg of body weight of 
active compound per day, which may be administered in a 
Single dose or in the form of individual divided doses, Such 
as from 1 to 4 times per day. It will be understood that the 
Specific dose level and frequency of dosage for any particu 
lar Subject may be varied and will depend upon a variety of 
factors including the activity of the Specific compound 
employed, the metabolic Stability and length of action of that 
compound, the Species, age, body weight, general health, 
SeX and diet of the Subject, the mode and time of adminis 
tration, rate of excretion, drug combination, and Severity of 
the particular condition. Preferred subjects for treatment 
include animals, most preferably mammalian Species Such 
as humans, and domestic animals. Such as dogs, cats and the 
like, Subject to leukocyte activation or respiratory cell 
asSociated disorders. 

Methods of Preparation 

0393 Compounds of Formula I may be prepared by 
reference to the methods illustrated in the following 
Schemes A through B. As shown therein the end product is 
a compound having the same Structural formula as Formula 
I. It will be understood that any compound of Formula I may 
be produced by Scheme A and B by the suitable selection of 
appropriate Substitution. Solvents, temperatures, pressures, 
and other reaction conditions may readily be Selected by one 
of ordinary skill in the art. All documents cited are incor 
porated herein by reference in their entirety. Starting mate 
rials are commercially available or readily prepared by one 
of ordinary skill in the art. Constituents of compounds are as 
defined herein or elsewhere in the Specification. 
0394 Compounds of formula I may be prepared from 
readily available Starting materials by a number of methods 
known to one skilled in the art of organic chemistry and is 
illustrated in Scheme A1. An amine 1A is reacted with 
reagent 2A to provide guanidine 3A which is deprotected 
and freebased to yield guanidine 4A. Reaction with either a 
beta-keto ester 5A or -a malonate 5A with heat with or 
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without added base condenses to produce pyrimidine 6A. 
beta-Keto ester 5A or malonate 5A are either commercially 
available or readily prepared by methods well known in the 
literature. For examples See Advanced Organic Chemistry 
3" edition (1990, Plenum Press New York) Carey, F and 
Sundberg, R., chapter 2 Section 2, and Comprehensive 
Organic Transformations, (1989 VCH publishers NY). This 
pyrimidine 6A is reacted with phosphorous oxychloride to 
produce intermediate pyrimidine 7A. Reaction with reagent 
8A which may be an amine or an alcohol, a thiol or a 
Sulfonamide on the presence of a Suitable base to provide 
pyrimidines 9A, which are compounds of Formula I. In the 
case of pyrimidine 9A1, the chloro group may be replaced 
by an amine by reaction at elevated temperature, or, in Some 
cases with the aid of a microwave apparatus, to produce 
pyrimidine 10 which are also compounds of Formula I. 

Scheme A1 

NBoc 

ls 
BocN SCH 
--- 

2A 

1) TFA 
2) Basic Resin NHEOc He 

EtO 
5A 

Oalkyl, alkyl, haloalky, Ar, heteroaryl 3 
Heat 50-150° C. 

J POCl3 

OH, alkyl, haloalkyl, Ar, 
heteroaryl 

8A 

R-Q-H 
Her 

Butanol, DMA, or 
dioxane with base 

Cl, alkyl, haloalkyl, Ar, 1OO C. 
heteroaryl 
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-continued 
QR 

N 21 J Compounds of Formula I 

R ls N N Cl, alkyl, haloalkyl, Ar, heteroaryl 
R1 9A 

QR 

J 
N21 HNRSR6 

Ho 

R2 ls 120-150° C. 
YN s C +/- microwave 

9A1 

QR 

J 
N 21 Compounds of Formula I 

R2 ls R5 
n N 

R1 10A is 

0395. In some instances the intermediate guanidines 4A 
might be readily prepared by direct Synthesis, an example of 
which is illustrated in scheme B1. alpha-Haloketone 1B is 
reacted with a thiobiuret Such as 2B to provide the guanidine 
salt 3B. Intermediates 3B1 and 3B2 are of particular utility 
to this invention. The guanidine Salt, if required may liber 
ated to its free base by treatment with a basic resin, or 
Sodium hydroxide, Sodium methoxide, or an amine base to 
provide intermediate 4B, which can be further elaborated to 
compounds of formula I as illustrated in Scheme A1. 

Scheme B1 

S NH 
2B 

Y1 Cl, or Br ls ls 
HN NH NH2 

Alcohol, heat 
O Y 

1B 

HN 
1. 

Y S y-NH. Basic Resin, 
or NaOH, or Base A NH 3B --- 

Y N 
HC1 or HBir 

HN 
1. 

Y S X-Nil, X-\ 
Y N 4B 

S NH 
2B 

“N- ul ul 
HN NH NH2 
Ho 

Alcohol, heat 
O OEt 

1B1 
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-continued 
HN 

HC S X-Nil, 
D X-\ 3B1 

EtOC N 
HC1 or HBir 

S NH 
2B 

*N- ul ul 
HN NH NH2 

Alcohol, heat 
O NHMe 

1B2 

HN 

HC S X-Nil, D X-y?. 3B2 
MeNOC N 

HC1 or HBir 

Utility 

0396) Selective PDE7 inhibitors or dual PDE7-PDE4 
inhibitors including compounds of formulas I, are useful in 
the treatment (including prevention, partial alleviation or 
cure) of leukocyte activation-associated disorders, which 
include (but are not limited to) disorderS Such as: transplant 
rejection (Such as organ transplant, acute transplant, 
Xenotransplant or heterograft or homograft Such as is 
employed in bum treatment); protection from ischemic or 
reperfusion injury Such as ischemic or reperfusion injury 
incurred during organ transplantation, myocardial infarc 
tion, Stroke or other causes, transplantation tolerance induc 
tion; arthritis (Such as rheumatoid arthritis, psoriatic arthritis 
or osteoarthritis); multiple Sclerosis; respiratory and pulmo 
nary diseases including but not limited to asthma, exercise 
induced asthma, chronic obstructive pulmonary disease 
(COPD), emphysema, bronchitis, and acute respiratory dis 
tress syndrome (ARDS); inflammatory bowel disease, 
including ulcerative colitis and Crohn's disease; lupus (Sys 
temic lupus erythematosis); graft VS. host disease; T-cell 
mediated hyperSensitivity diseases, including contact hyper 
Sensitivity, delayed-type hyperSensitivity, and gluten-Sensi 
tive enteropathy (Celiac disease); psoriasis; contact derma 
titis (including that due to poison ivy); Hashimoto's 
thyroiditis, Sjogren's Syndrome, Autoimmune Hyperthy 
roidism, Such as Graves Disease, Addison's disease 
(autoimmune disease of the adrenal glands); Autoimmune 
polyglandular disease (also known as autoimmune polyglan 
dular Syndrome); autoimmune alopecia; pernicious anemia; 
Vitiligo, autoimmune hypopituatarism; Guillain-Barre Syn 
drome; other autoimmune diseases, glomerulonephritis, 
Serum sickness; uticaria; allergic diseaseS Such as respiratory 
allergies (e.g., asthma, hayfever, allergic rhinitis) or skin 
allergies, Scleracierma, mycosis fungoides, acute inflamma 
tory and respiratory responses (Such as acute respiratory 
distress Syndrome and ishchemia/reperfusion injury); der 
matomyositis, alopecia areata, chronic actinic dermatitis, 
eczema, Behcet’s disease; Pustulosis palmoplanteris, Pyo 
derma gangrenum, Sezary's Syndrome, atopic dermatitis, 
Systemic Schlerosis, and morphea. 
0397) The term “leukocyte activation-associated disor 
der” or “leukocyte activation-mediated disorder” as used 
herein includes each of the above referenced diseases or 
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disorders. The compounds of the present invention are 
useful for treating the aforementioned exemplary disorders 
irrespective of their etiology. 
0398. Those present compounds which are dual PDE7/4 
inhibitors may be more effective than either a selective 
PDE4 inhibitor or a selective PDE7 inhibitor in the above 
mentioned disease States, as a result of either additive or 
Synergistic activity resulting from the combined inhibition 
of PDE7 and PDE4. 

0399. The present invention thus provides methods for 
the treatment of disorders as discussed above comprising the 
Step of administering to a Subject in need thereof of at least 
one selective PDE7 inhibitor or at least one dual PDE7 
PDE4 inhibitor for the treatment of leukocyte activation 
asSociated or leukocyte-activation mediated disease. Other 
therapeutic agents Such as those described below may be 
employed with the compounds of the present invention. In 
the methods of the present invention, Such other therapeutic 
agent(s) may be administered prior to, Simultaneously with 
or following the administration of the compound(s) of the 
present invention. 

0400. The methods of treating diseases which would 
benefit from the inhibition of PDE7 or the inhibition of both 
PDE7-PDE4 by a dual agent may comprise administering 
compounds of Formula (I) alone or in combination with 
each other and/or other Suitable therapeutic agents useful in 
treating Such conditions Such as: immunosuppressants Such 
as, cycloSporins (e.g., cyclosporin A), anti-IL-1 agents, Such 
as Anakinra, the IL-1 receptor antagonist, CTLA4-Ig, anti 
bodies such as anti-ICAM-3, anti-IL-2 receptor (Anti-Tac), 
anti-CD45RB, anti-CD2, anti-CD3, anti-CD4, anti-CD80, 
anti-CD86, monoclonal antibody OKT3, agents blocking the 
interaction between CD40 and CD 154, Such as antibodies 
specific for CD40 and/or CD154 (i.e., CD40L), fusion 
proteins constructed from CD40 and CD154 (CD40Ig and 
CD8-CD154), interferon beta, interferon gamma, methotr 
exate, FK506 (tacrolimus, Prograf), rapamycin (Sirolimus or 
Rapamune)mycophenolate mofetil, leflunomide (Arava), 
aZathioprine and cyclophosphamide, inhibitors, Such as 
nuclear translocation inhibitors, of NF-kappa B function, 
Such as deoxyspergualin (DSG), non-steroidal antiinflam 
matory drugs (NSAIDs) Such as ibuprofen, cyclooxyge 
nase-2 (COX-2) inhibitors such as celecoxib (Celebrex) and 
rofecoxib (Vioxx), or derivatives thereof, steroids such as 
prednisone or dexamethasone, gold compounds TNF-C. 
inhibitors such as tenidap, anti-TNF antibodies or soluble 
TNF receptor such as etanercept (Enbrel), inhibitors of p-38 
kinase such as BIRB-796, RO-3201195, VX-850, and 
VX-750, beta-2 agonists such as albuterol, levalbuterol 
(Xopenex), and salmeterol (Serevent) inhibitors of leukot 
riene Synthesis Such as montelukast (Singulair) and Zari 
flukast (Accolate), and anticholinergic agents Such as ipra 
tropium bromide (Atrovent), PDEA inhibitors such as 
Arofyline, Cilomilast, Roflumilast, C-11294A, CDC-801, 
BAY-19-8004, Cipamfylline, SCH351591, YM-976, 
PD-189659, Mesiopram, Pumafentrine, CDC-998, IC-485, 
and KW-4490, PDE7 inhibitors such as IC242, (Lee, et al. 
PDE7A is expressed in human B-lymphocytes and is up 
regulated by elevation of intracellular cAMP Cell Signal 
ling, 14, 277-284, (2002)) and also include compounds 
disclosed in the following patent documents: WO 0068230, 
WO 0129049, WO 0132618, WO 0134601, WO 0136425, 
WO 0174786, WO 0198274, WO 0228847, U.S. Provisional 
Application Serial No. 60/287,964, and U.S. Provisional 
Application Serial No. 60/355,141 anti-cytokines such as 
anti-IL-1 mAb or IL-1 receptor agonist, anti-IL-4 or IL-4 
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receptor fusion proteins and PTK inhibitors such as those 
disclosed in the following U.S. Patents and Applications, 
incorporated herein by reference in their entirety: U.S Pat. 
No. 6,235,740, U.S. Pat. No. 6,239,133, U.S. Application 
Serial No. 60/065,042, filed Nov. 10, 1997 (Attorney Docket 
No. QA207), U.S. application Ser. No. 09/173,413, filed 
Oct. 15, 1998 (Attorney Docket No. QA207a), and U.S. Pat. 
No. 5,990,109. 

0401 See the following documents and references cited 
therein: Hollenbaugh, D., Douthwright, J., McDonald, V., 
and Aruffo, A., “Cleavable CD40Ig fusion proteins and the 
binding to sgp39", J. Immunol. Methods (Netherlands), 
188(1), p. 1-7 (Dec. 15, 1995); Hollenbaugh, D., Grosmaire, 
L. S., Kullas, C. D., Chalupny, N.J., Braesch-Andersen, S., 
Noelle, R. J., Stamenkovic, I., Ledbetter, J. A., and Aruffo, 
A., “The human T cell antigen gp39, a member of the TNF 
gene family, is a ligand for the CD40 receptor: expression of 
a soluble form of gp39 with B cell co-stimulatory activity”, 
EMBOJ (England), 11(12), p. 4313-4321 (December 1992); 
and Moreland, L. W. et al., “Treatment of rheumatoid 
arthritis with a recombinant human tumor necrosis factor 
receptor (p75)-Fc fusion protein, New England J. of Medi 
cine, 337(3), p. 141-147 (1997). 
0402 Compounds present invention (especially selective 
PDE 7 inhibitors) may also be employed in combination 
with PDE 4 inhibitors. Examples of selective PDE4 inhibi 
tors currently in development, which can be used in com 
bination with compounds of the present invention include 
Arofyline, Cilomilast, Roflumilast, C-11294A, CDC-801, 
BAY-19-8004, Cipamfylline, SCH351591, YM-976, 
PD-189659, Mesiopram, Pumafentrine, CDC-998, IC-485, 
and KW-4490. 

0403. The above other therapeutic agents, when 
employed in combination with the compounds of the present 
invention, may be used, for example, in those amounts 
indicated in the Physicians Desk Reference (PDR) or as 
otherwise determined by one of ordinary skill in the art. 
04.04. Use of the compounds of the present invention as 
encompassed by formula I in treating leukocyte activation 
asSociated disorders is exemplified by, but is not limited to, 
treating a range of disorders Such as: transplant (Such as 
organ transplant, acute transplant, Xenotransplant or hetero 
graft or homograft (Such as is employed in burn treatment)) 
rejection; protection from ischemic or reperfusion injury 
Such as ischemic or reperfusion injury incurred during organ 
transplantation, myocardial infarction, Stroke or other 
causes; transplantation tolerance induction; arthritis (such as 
rheumatoid arthritis, psoriatic arthritis or osteoarthritis); 
multiple Sclerosis, respiratory and pulmonary diseases 
including but not limited to asthma, exercise induced 
asthma, chronic obstructive pulmonary disease (COPD), 
emphysema, bronchitis, and acute respiratory distress Syn 
drome (ARDS); inflammatory bowel disease, including 
ulcerative colitis and Crohn's disease; lupus (Systemic lupus 
erythematosis); graft VS. host disease; T-cell mediated hyper 
Sensitivity diseases, including contact hyperSensitivity, 
delayed-type hyperSensitivity, and gluten-sensitive enter 
opathy (Celiac disease); psoriasis; contact dermatitis 
(including that due to poison ivy); Hashimoto's thyroiditis, 
Sjogren's Syndrome, Autoimmune Hyperthyroidism, Such 
as Graves Disease; Addison's disease (autoimmune disease 
of the adrenal glands); Autoimmune polyglandular disease 
(also known as autoimmune polyglandular Syndrome); 
autoimmune alopecia; pernicious anemia, Vitiligo, autoim 
mune hypopituatarism; Guillain-Barre Syndrome; other 
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autoimmune diseases, glomerulonephritis, Serum Sickness, 
uticaria, allergic diseaseS Such as respiratory allergies 
(asthma, hayfever, allergic rhinitis) or skin allergies, Sclera 
cierma, mycosis fungoides, acute inflammatory and respi 
ratory responses (such as acute respiratory distress Syn 
drome and ishchemia/reperfusion injury); dermatomyositis, 
alopecia areata, chronic actinic dermatitis, eczema, Behcet's 
disease; Pustulosis palmoplanteris, Pyoderma gangrenum; 
Sezary's Syndrome; atopic dermatitis, Systemic Schlerosis, 
and morphea. 
04.05 The combined activity of the present compounds 
towards T-cells and other PDE7-expressing cells may be of 
value in the treatment of any of the aforementioned disor 
derS. Additionally those present compounds which are dual 
PDE4/7 inhibitors may be more effective than either a 
Selective PDE4 inhibitor or a selective PDE7 inhibitor in the 
above mentioned disease States. 

0406. In a particular embodiment, the compounds of the 
present invention are useful for the treatment of the afore 
mentioned exemplary disorders irrespective of their etiol 
ogy, for example, for the treatment of transplant rejection, 
rheumatoid arthritis, multiple Sclerosis, chronic obstructive 
pulmonary disease, inflammatory bowel disease, lupus, graft 
V. host disease, T-cell mediated hyperSensitivity disease, 
pSoriasis, Hashimoto's thyroiditis, Guillain-Barre Syn 
drome, cancer, contact dermatitis, allergic disease Such as 
allergic rhinitis, asthma, ischemic or reperfusion injury, 
respiratory diseases such as asthma, COPD and bronchitis or 
atopic dermatitis whether or not associated with leukocyte 
activation. 

04.07 PDE-Containing Cell Lysates 
0408 Hut 78 cells were grown in 10% FCS in Iscoves 
Modified Dulbecco's Medium (Gibco BRL-Life Technolo 
gies, Grand Island, N.Y.) with antibiotics. Cells were cen 
trifuged and resuspended in four volumes of 40 mM Tris 
(pH 7.5)/50 uM EDTA/200 uM PMSF with a cocktail of 
Protease inhibitors (Boehringher Mannheim, Indianapolis, 
Ind.) at 4C. Cells were homogenized using a Virtis homog 
enizer, and the lysate was centrifuged twice for 15 min at 
15,000xg. Glycerol was added to a final volume of 50% for 
Storage at -20 C. 
04.09 SPA Assay 
0410. Inhibition of PDE activity in Hut78 cell lysate was 
determined using an SPA specific for cAMP (Amersham 
Pharmacia Biotech, Buckinghamshire, UK) according to the 
manufacturers instructions with minor modifications. 
Enzyme assays were performed at room temperature in the 
presence of 50 mM Tris HCl, pH7.5, containing 8.3 mM 
MgCl, 1.7 mM EGTA and 0.5 mg/mL BSA. Each assay was 
performed in a 100 till reaction volume in 96 well microtitre 
plates containing the above buffer, 0.3 ul of Hut 78 cell lysate 
treated with 2 uM Zardaverine to inhibit PDE3 and PDE4, 
0.05 uCi of 5,8-HAdenosine 3',5'-cyclic phosphate as an 
ammonium salt for 20 min. The reaction was terminated by 
the addition of 50 lul PDE SPA beads (1 mg) water with 10 
mM cold cAMP (Sigma, St. Louis Mo.). The reaction mix 
was allowed to settle for 20 minutes before counting in a Top 
Count-NXT scintillation counter (Packard BioScience, 
Meriden, Conn.). For individual PDE enzymes other than 
PDE7, the assay was essentially unchanged except that 
H-cyclic GMP was used as the substrate for PDE1, PDE5 
and PDE6. The following PDES/activators and enzyme 
sources were used: PDE1, bovine (Sigma St Louis), calm 
odulin; PDE2, rat kidney, c0 MP; PDE3, human platelet; 
PDE4, rat kidney; PDE5, human platelet, and PDE6, bovine 
retina. 
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0411 T Cell Proliferation Assay 
0412 Peripheral blood mononuclear cells (PBMC) were 
isolated from whole blood by density gradient centrifugation 
over Lymphoprep, 1.077. Cells were plated into 96 well 
U-bottom plates at 2.5x10 cells/well in 10% FBS RPMI 
1640 (Life Technologies/Gibco-BRL) containing 10 ug/ml 
anti-CD3 (G19-4, Bristol-Myers Squibb P.R.I., Princeton, 
N.J.) and 1 ug/ml anti-CD28 (9.3, Bristol-Myers Squibb 
P.R.I.) in the presence and absence of inhibitors. DMSO 
(used as a solvent for inhibitors) was added to the medium 
at 0.1% final concentration. The total volume per well was 
200 uL. Cells were incubated at 37C 5% CO2 for 3 days, at 
which time 0.5 uCi of H-thymidine was added to each well. 
Six hours following the addition of H-thymidine, the plates 
were harvested onto filter plates, 30 ul EcoLite Scintillant 
(ICN, Costa Mesa, Calif.) was added per well, and plates 
read on a Top Count-NXT Scintillation counter. 
0413 TNFO. Secretion Assay 
0414. The ability of compounds to inhibit the production 
and secretion of TNFC. from leukocytes was performed 
using either PBMC (obtained as described above) or the 
THP-1 cell line as a source of monocytes. Compounds were 
diluted in RPMI 1640 supplemented with 10% FBS and 
DMSO at a final concentration of 0.2%. Cells (2x10/well in 
U-bottom 96 well plates) were pre-incubated with com 
pounds for 30 min at 37 C. prior to addition of lipopolysac 
charide (LPS) at a final concentration of 6.25 ng/ml in a total 
volume of 200 ul. After 4 h at 37 C., 50 lull of Supernatant 
was carefully aspirated for detection of Soluble TNFC. 
Soluble TNFC. was detected by ELISA developed by R&D 
Systems (Minneapolis, Minn.) according to the manufactur 
erS instructions. 

EXAMPLES 

0415. The following examples illustrate preferred 
embodiments of the present invention and do not limit the 
Scope of the present invention which is defined in the claims. 
Abbreviations employed in the Examples are defined below. 
Compounds of the Examples are identified by the example 
and step in which they are prepared (e.g., “A1.1' denotes the 
title compound of Step 1 of Example A1), or by the example 
only where the compound is the title compound of the 
example (for example, "A2 denotes the title compound of 
Example A2). 

Abbreviations 

Ac Acetyl 
AcOH Acetic acid 
aq. Aqueous 
CD Carbonyldiimidazole 
Bn Benzyl 
Bu Butyl 
Boc or BOC tert-butoxycarbonyl 
DMAP Dimethylaminopyridine 
DMA N,N-Dimethylacetamide 
DMF dimethylformamide 
DMSO Dimethylsulfoxide 
EDC 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide 

hydrochloride 
EtOAC Ethyl acetate 
Et Ethyl 
EtOH Ethanol 
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-continued 

Abbreviations 

H Hydrogen 
h Hours 

i iso 

HPLC High pressure liquid chromatography 
HOAC Acetic acid 

Lawesson's Reagent 2,4-bis(4-methoxyphenyl)-1,3-dithia-2, 
4-diphosphetane-2-4-disulfide 

LC liquid chromatography 
Me Methyl 
MeOH Methanol 

min. Minutes 

MS Mass spectrometry 
normal 

ON Over night 
PdfC Palladium on carbon 
Ph Phenyl 
Pr Propyl 
Ret Time Retention time 

rt or RT Room temperature 
Sat. Saturated 

S-To-BINAP (S)-(–)-2,2'-Bis(di-p-tolylphosphino)-1,1'-binapthyl 
t tert 

TFA Trifluoroacetic acid 

THF Tetrahydrofuran 

YMC YMC Inc, Wilmington, NC 28403 

0416 HPLC conditions used to determine retention 
times;2 min gradient 0-100% B in A(A; 0.1% TFA in 90/10 
water/methanol; B; 0.1% TFA in 10/90 water/methanol) 
using a YMC turbopack column at with a detection wave 
length of 220 nanometeres or 254 nanometers. 

Example A1 

2-4-4-(Aminosulfonyl)phenyl)methylamino-6- 
(4-methyl-1-piperazinyl)-2-pyrimidinyl)amino-4- 

methyl-5-thiazolecarboxylic acid ethyl ester 

0417 

C. 
N 

N-O W > --> 
O / 

7 NH, 
O 
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0418 A1.1: 2-(Aminoiminomethyl)amino-4-methyl-5- 
thiazolecarboxylic acid ethyl ester 
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0422 A1.3: 2-(4-6-Dichloropyrimidin-2-yl)aminol-4- 
methyl-5-thiazolecarboxylic acid ethyl ester 

A1.1 N N 

N NH N-o N J.J. J.C. 
0419) A solution of 2-imino-4-thiobiuret (20.0 g, 0.17 
mol), 2-chloroacetoacetate (28 g., 0.17 mol) in ethanol (500 
mL) was heated to 100° C. for 4 hours. The reaction mixture 
was concentrated to half Volume and poured into 1 liter of 
1N NaOH. The white solid which precipitated out was 
collected by filtration and dried under vacuum to yield A1.1 
(30.5g, 79%). H-NMR (DMSO-d) 8:422 (2H, q, J-7 Hz 
), 2.50 (3H, merge with DMSO), 1.26 (3H, t, J=7 Hz). 
HPLC:97.7%, ret. time=1619 min., LC/MS (M+H)"=229. 
0420 A1.2: 2-(4-6(1H,5H)-pyrimidinedion-2- 
yl)amino-4-methyl-5-thiazolecarboxylic acid ethyl ester 

J. 1. 
0421) To a solution of A1.1 (5.7g, 25 mmol) in ethanol 
(250 mL) was added 21% sodium ethoxide in ethanol (7.75 
mL, 25 mmol). The reaction mixture was heated in an oil 
bath at 100° C. for 15 minutes during which time most, but 
not all, of the material had dissolved, and Diethylmalonate 
(3.8 g., 25 mmol) was added. The reaction mixture was 
maintained in an oil bath to 100° C. for 2 hours. An 
additional 4 mL of 21% sodium ethoxide in ethanol and 
additional 2 mL of diethylmalonate were added and the 
reaction mixture refluxed for an additional 2 hours after 
which HPLC analysis indicated only a trace amount of 
Starting material remained. The reaction mixture was 
allowed to cool to room temperature and the copious crystals 
which precipitated out were collected by filtration and dried 
to yield A1.2 solvated with 1 molecule of ethanol (7.6 g. 
89% based on solvate)." H-NMR (DMSO-d) 8:9.75 (1H, br 
s) 4.45 (1H, t, J=4 Hz), 4.14 (2H, q, J=7 Hz), 3.45 (2H, m) 
2.56 (3H, s), 1.29(3H, t, J-7 Hz). 1.05(3H, t, J-7 Hz), 
HPLC:91.5%, ret. time=2.836 min., LC/MS (M+H)"=297. 

A1.2 

0423) A suspension of A1.2 (7.6 g., 22 mmol) in POCl. 
(54 ml) was heated at 100° C. for 16 hours and then it was 
cooled down to RT which was poured into 500 g of ice. After 
the ice melted the Solid was collected by filtration and 
triturated with hot methanol. The Solid was then dried under 
vacuum to yield. A1.3 (6.2g, 84%). H-NMR (DMSO-d) 
8: 7.55 (1H, s), 4.27 (2H, q, J=7 Hz), 2.56 (3H, s), 1.29 (3H, 
t, J-7 Hz). HPLC: 97%, ret. time=3.929 min., LC/MS 
(M+H)"=333. 
0424 A1.4: 2-4-4-(Aminosulfonyl)phenyl)methyl 
amino-6-chloro-2-pyrimidinyl)amino-4-methyl-5-thiaz 
olecarboxylic acid ethyl ester 

A1.4 

N-O 

O 

Cl 

J. \ > --> O H H O 

4. 
(WYNH, 
O 

0425) A suspension solution of A1.3 (33 mg, 0.1 mmol), 
p-aminomethyl-benzenesulfonamide HCl (24 mg., 0.106 
mmol) and diisopropylethylamine (58 mg, 0.45 mmol) in 
n-butanol (2 mL) was heated to 105 C. for 2 hours and then 
it was cooled down to RT. The solid was precipitated out 
which was collected with filtration to yield A1.4 (31.8 mg, 
66%). H-NMR (DMSO-d) 8:7.77 (2H, d, J=8 Hz), 7.52 
(2H, d, J=8 Hz), 7.31 (2H,s), 6.27(1H, s),481 (2H.m), 4.22 
(2H, q, J=7 Hz), 2.50 (3H, merge with DMSO), 1.26 (3H, t, 
J=7 Hz). HPLC:96%, ret. time=3.232 min., LC/MS 
(M+H)"=483. 
0426 A1.5: 2-4-4-(Aminosulfonyl)phenyl)methyl 
amino-6-(4-methyl-1-piperazinyl)-2-pyrimidinyl)amino 
4-methyl-5-thiazolecarboxylic acid ethyl ester 

0427 A solution of A1.4 (21.8 mg, 0.045 mmol) and 
1-methylpiperazine (90 mg, 0.9 mmol) in dimethylaceta 
mide (0.5 ml) was heated to 120 to 130° C. for half an hour. 
The reaction mixture was concentrated to yield a crude 
product which was added 1 mL of methanol and stirred for 
20 minutes. The solid was precipitated out which was 
collected with filtration to yield A1 (12.5 mg, 51%). 
H-NMR (DMSO-d) 8:11.17 (1H, s), 7.75 (2H, d, J=8 Hz), 
7.50 (2H, d, J=8 Hz), 7.28 (2H, s), 5.40 (1H, s), 4.65 (2H, 
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m), 4.19(2H, q, J=7 Hz), 3.48(4H, m), 3.17(3H, d, J=5 Hz), 
2.50(3H, merge with DMSO), 2.10-2.50 (4H, m), 1.26 (3H, 
t, J-7 Hz). HPLC:88.3%, ret. time=1.979 min., LC/MS 
(M+H)"=547. 

Example A2 

2-4-(3,4-Dimethoxyphenyl)methylamino-6-(1- 
piperazinyl)-2-pyrimidinyl)amino-4-methyl-5-thiaz 
olecarboxylic acid ethyl ester trifluoroacetate Salt 

0428 

A2 

H 

C 
N 

H3C 

N N1 N 

"Y-K sul 2 OMe 
S N N N 

H H 
O 

OMe 

0429 A2.1: 2-4-chloro-6-(4-tertbutyloxycarbonyl-1- 
piperazinyl)-2-pyrimidinyl)amino-4-methyl-5-thiazolecar 
boxylic acid ethyl ester 

A2.1 
BOC 

N 

O 
"\ 1s tool 

0430 A suspension solution of A1.3 (800 mg, 2.4 mmol), 
1-tert-butoxycarbonylpiperazine (470 mg, 2.5 mmol) and 
diisopropylethylamine (1.8 ml, 10.6 mmol) in n-butanol (16 
mL) was heated to 105 C. for 3 hours. After cooling to room 
temperature, the precipitated Solid was collected by filtration 
and washed with methanol to yield A2.1 (1.1 g, 94%). 
"H-NMR (DMSO-d) 8:6.61 (1H, s), 4.22 (2H, q, J=7 Hz), 
3.75 (1H, br. s), 3.45 (4H, br. s).3.30 (4H, br. s), 2.50 (3H, 
merge with DMSO), 1.43 (9H, s), 1.28 (3H, t, J=7 Hz). 
HPLC:95%, ret. time=3.320 min., LC/MS (M+H)"=483. 
0431 A2.2: 2-4-(3,4-Dimethoxyphenyl)methyl 
amino-6-(4-tertbutyloxycarbonyl-1-piperazinyl)-2-pyrim 
idinyl)amino-4-methyl-5-thiazolecarboxylic acid ethyl 
eSter 
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A2.2 

foc 

C 
N 

H3C 

N N1N 

EtO W > us OMe 2 
S N N N 

H H 
O 

OMe 

0432 A solution of A2.1 (40.0 mg, 0.08 mmol) and 
veratrylamine (30.0 mg, 0.18 mmol) in n-butanol (0.5 ml) 
was heated to 130 C. overnight. After cooling to room 
temperature, the precipitated Solid was collected by filtration 
and washed with methanol to yield A2.2 (37.2 mg, 73%)." H 
NMR (DMSO-d) 8:6.99 (1H, s), 6.88 (2H, s), 5.39 (1H, s), 
4.48 (1H, br.s).4.18 (2H, q, J=7 Hz), 3.72 (3H, s), 3.71 (3H, 
s), 3.51 (4H, br. s), 3.40 (4H, br. s), 2.50 (3H, merge with 
DMSO), 1.42 (9H, s), 1.24 (3H, t, J-7 Hz). HPLC:95%, ret. 
time=3.080 min., LC/MS (M+H)"=614. 
0433 A2.3: 2-4-(3,4-Dimethoxyphenyl)methyl 
amino-6-(1-piperazinyl)-2-pyrimidinyl)amino-4-methyl 
5-thiazolecarboxylic acid ethyl ester trifluoroacetate Salt 

0434) Trifluoroacetic acid (10% solution in dichlo 
romethane, 0.6 ml) was added in one portion to a stirred 
solution of compound A2.2 (21.3 mg, 0.035 mmol). After 
Stirring for 2 hours at room temperature, diethyl ether was 
added (2 ml) and the Solution was concentrated in vacuo. 
Two Subsequent additions of diethyl ether (2x2 ml) followed 
by concentration in vacuo left the trifluoroacetic acid Salt of 
compound A2. HPLC: 95%, ret. time=2020 min., LC/MS 
(M+H)"=514. 

Example A3-A214 

Z. 
H3C 

y N ou), EtO ----- L 

0436 Examples A3 to A214 were prepared in a similar 
manner to that used for Example A1 or A2 utilizing the 
appropriate amines. Examples A61 and A62 used only a 
Single amine addition Step as in A2.1, Substituting the 
appropriate amine. Example A63 was prepared in a manner 
Similar to Step A1.5 except that Sodium ethoxide was used in 
place of an amine. 

0435) 
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TABLE A-continued 

HPLC 

Ex. L Z. Name 
Retention 

(min) 
MS 

Reported 

A211 

N H 

OMe 

OMe 
eO 

A212 

N-Me 

OMe 

OMe 
MeO 

A213 

HN O 

A214 

X 

MeO 

o 
2-4-3-(Hydroxymethyl)-1- 

piperidinyl-6-II(3,4,5- 
trimethoxyphenyl)methylamino 

2-pyrimidinylamino-4- 
methyl-5-thiazolecarboxylic 

acid, ethyl ester 

2-4-4- 
tetrahydropyranyloxy-6-IN 

I(3,4,5- 
trimethoxyphenyl)methyl-N- 

(methyl)amino-2- 
pyrimidinylamino-4-methyl 

5-thiazolecarboxylic acid, 
ethyl ester 

2-4-1-piperazinyl-6-amino 
4-methyl-5-thiazolecarboxylic 

acid, ethyl ester 

2-4-4-Methyl-1- 
piperazinyl-6-(4- 

methoxyphenyl)oxy-2- 
pyrimidinylamino-4-methyl 

5-thiazolecarboxylic acid, 
ethyl ester 

1.48 

195e 

1.07 

1.63 

573.47 

574.26 

364.14 

485.23 

HPLC conditions used to determine retention times; 4 min gradient 0-100% B in A(A; 0.1% TFA in 90/10 water/methanol; B; 0.1% TFA in 10/90 
water/methanol) using a YMC turbopack column at 254 nm. Waters Xterra 4.6 x 30 5u C18 4 min gradient 0-100% B in A(A; 0.2% HPO, in 90/10 
water/methanol; B: 0.2% HPO, in 10/90 water/methanol). YMC ODS-A 4.6 x 33 (2 min). Phenomenox 4.6 x 305u (2min). Phenomenex 
Primesphere S5 C18 4.6 x 50 (4 min). 
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Example B1 

4-Methyl-2-4-(4-methyl-piperazin-1-yl)-6-4- 
(aminosulfonyl)phenylmethylaminolpyrimidin-2- 
ylamino-thiazole-5-carboxylic acid ethyl ester 

0437 

B1 

F 
F F 

HC 

") ) N ls l 2 
O S N N N 

H H O 

4. 
/SNH, 
O 

0438 B1.1: 4-Methyl-2-(6-oxo-4-trifluoromethyl-1,6-di 
hydro-pyrimidin-2-ylamino)-thiazole-5-carboxylic acid 
ethyl ester 

B1.1 
F 

F F 

HC 
EtO a s 
O S N N O 

H H 

0439 A solution of A1.1 (125 mg, 0.731 mmol), ethyl 
trifluoroacetoacetate (167 mg, 0.731 mmol) and sodium 
ethoxide(21% in ethanol, 0.989 ml, 2.65 mmol) in DMA was 
heated to 100° C. for 1 hr and then it was cooled down to RT. 
The reaction mixture was diluted with 2 mL of water, and 
neutralized with 1 N HCl. The solid was collected by 
filtration and dried to yield B1.1 (150 mg, 59%). 

Aug. 28, 2003 

0440 B1.2: 2-(4-Chloro-6-trifluoromethyl-pyrimidin-2- 
ylamino)-4-methyl-thiazole-5-carboxylic acid ethyl ester 

B1.2 
F 

F F 

H3C 

EtO a s ls l 2 
O S N N Cl 

H 

0441) A solution of B1.1 (150 mg, 0.429 mmol) in POCl. 
(1 ml) was heated to 100° C. for 2 hours and then it was 
cooled down to RT which was poured into 10 ml of 
ice-water. It was neutralized with NaOH to pH about 9. The 
Solid was collected with filtration and then it was added to 
10 ml of methanol and stirred about 10 minutes. The Solid 
was filtered off. The mother Solution was concentrated to 
yield the desired product B1.2 (70 mg, 44.3%). LC/MS 
(M+H)"=368. 
0442 B1.3: 4-Methyl-2-4-(4-methyl-piperazin-1-yl)-6- 
4-(aminosulfonyl)phenyl)methylaminolpyrimidin-2- 

ylamino-thiazole-5-carboxylic acid ethyl ester 

0443) A solution of B1.2 (70 mg, 0.19 mmol) and 4-me 
thylsulfonylbenzylamine hydrochloric salt (66 mg, 0.285 
mmol), diisopropylethylamine (111 mg, 0.855 mmol) in 
N-methyl-2-pyrrolidine (2 mL) was heated to 120 to 130° C. 
for two hours. The reaction mixture was concentrated to 
yield a crude product which was purified with prep. HPLC 
(reverse phase) to yield B1 (38 mg, 32%). "H-NMR 
(CDOD) 8:7.78 (2H, d, J=8 Hz), 7.52 (2H, d, J=8 Hz).4.92 
(2H, s),417 (2H, q, JJ=7 Hz), 4.03 (2H, m), 3.45 (2H, m), 
2.93-2.98 (8H,m), 2.40 (3H,s), 1.18(3H, t, J=7 Hz). 
HPLC.98%, ret. time=1.58 min., LC/MS (M+H)"=517. 

Example B2-B4 

Z. 
HC 

y ou), EtO ----- L 

0445 Examples B2-B3 were prepared in a similar man 
ner to that used for Example B1, with the use of the 
appropriate beta-ketoester in Step B1.1, and the appropriate 
amine in step B1.3. 

0444 
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TABLE B 

Ex. L Z. Name 

B2 (CH3)2CH- 2-4-Isopropyl-6-(4-sulfamoyl- 2.55 
benzylamino)-pyrimidin-2- 
ylamino-4-methyl-thiazole-5- 
carboxylic acid 
ethyl ester 

HN 
S 

B3 CH 

HN 
S 

B4 HOCH 

> y 
HN 
N 
a K O O 

62 

4-Methyl-2-4-(4-sulfamoyl- 2.23 
benzylamino)-6-methyl 
pyrimidin-2-ylamino 
thiazole-5-carboxylic 
acid ethyl ester 

Aug. 28, 2003 

HPLC 
Retention MS 

(min) Reported 

491.18 

463.18 

4-Methyl-2-4-(4-sulfamoyl- 1.35 479 
benzylamino)-6- A. hydroxymethyl-pyrimidin-2- 

H ylamino-thiazole-5-carboxylic 
acid ethyl ester 

HPLC conditions used to determine retention times; 4 min gradient 0-100% B in A(A; 0.1% TFA in 90/10 water/methanol; B; 
0.1% TFA in 10/90 water/methanol) using a YMC turbopack column at 254 nm. 
*Waters Xterra 4.6 x 305 u C18 (2 min) Solvent A and B as above. 

Example B5 

1-Acetyl-5-4-(4-methyl-piperazin-1-yl)-6-4- 
(aminosulfonyl)phenylmethylaminolpyrimidin-2- 

ylamino)-2,3-dihydro- H-tetrahyroindole 

0446) 

B5 

F 
F F 

N1 N 

l 2 
N N N 

-Q H H O 
O CH 4. 3 

/ NH, 

0447 B5.1: 4-Chloro-2-methylthio-6-trifluoromethylpy 
rimidine 

B5.1 
CF 

N1N 

HC us 2 
Ns N Cl 

0448. A mixture of commercially available 4-hydroxy-2- 
methylthio-6-trifluoromethylpyrimidine (2.00 g, 9.52 mmol) 
and POCl (10 mL) was heated at reflux for 1.5 h. The excess 
POCl was removed under vacuum. The residue was dis 
Solved in AcOEt, washed with cold water, Saturated 
NaHCO, Solution, cold water, and brine. The Solution was 
then dried over anhydrous MgSO. Evaporation of solvent 
provided B5.1 (1.31 g, 60% yield) as a colorless oil. 
0449 B5.2: 4-4-(Aminosulfonyl)phenyl)methyl 
amino-2-methylthio-6-trifluoromethylpyrimidine 

B5.2 
CF 

N1 N 

HC l 2 Ns N 

SONH2 

0450 A mixture of B5.1 (1.28g, 5.60 mmol), 4-aminom 
ethylbenzenesulfonamide hydrochloride (1.97 g, 8.85 
mmol), and triethylamine (1.76 mL, 12.6 mmol) in ethanol 
(15 mL) was heated at 85°C. in a sealed tube for 1 h. The 
mixture was concentrated under Vacuum. The residue was 
diluted with AcOEt, washed with water, 1N AcOH (twice), 
saturated NaHCO Solution (twice), and brine. The solution 
was then dried over anhydrous MgSO. Evaporation of 
solvent provided B5.2 (2.10 g, 99% yield) as a white solid. 
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0451 B5.3: 4-4-(Aminosulfonyl)phenyl)methyl 
amino-2-methylsulfonyl-6-trifluoromethylpyrimidine 

CF 

H3C- l,2 N 
H 

B5.3 

S 
MV 
O O 

SONH2 

0452) To a solution of B5.2 (1.88 g, 4.97 mmol) in MeOH 
(130 mL) was added mOPBA (75%, 3.42 g, 14.9 mmol) at 
rt in one portion. The resulting mixture was stirred at rt for 
16 h before it was concentrated under vacuum. The residue 
was diluted with AcOEt, washed with 5% NaSO Solution 
(twice), saturated NaHCO Solution (twice), and brine. The 
solution was then dried over anhydrous MgSO. Evapora 
tion of solvent provided B5.3 (2.00 g, 98% yield) as a white 
Solid. 

0453 B5.5: 1-Acetyl-5-4-(4-methyl-piperazin-1-yl)-6- 
4 (aminosulfonyl)phenyl)methylaminolpyrimidin-2- 

ylamino)-2,3-dihydro-1H-tetrahyroindole 

0454) A mixture of B5.3 (20 mg, 0.048 mmol) and 
commercially available 1-Acetyl-5-amino-2,3-dihydro 
(1H)indole (84 mg., 0.48 mmol) was fused at 175 C. for 20 
min. After cooling to rt, the mixture was dissolved in a 
minimum amount of DMSO, diluted with MeOH, and 
applied to preparative HPLC. B5 (16 mg, 46% yield) was 
obtained as a lyophilized powder as a 2 eq. TFA Salt. 
(M+H)"=507.09. 

Example C1 

4-Methyl-2-4-(4-methyl-piperazin-1-yl)-6-4-(1H 
tetrazol-5-yl)-benzylaminol-pyrimidin-2-ylamino 

thiazole-5-carboxylic acid ethyl ester 

0455) 

C1 

N 

HC 
N N1 N 

to- > -- S N N N 
H H 

O 

2\, 
M HNN.” 
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0456 C1.1: 2-4-Chloro-6-(4-methyl-piperazin-1-yl)-py 
rimidin-2-ylamino-4-methyl-thiazole-5-carboxylic acid 
ethyl ester 

C11 

N 

HC 
N N1 N 

to- > --> S N N C 
H 

O 

0457. A suspension of A1.1 (600 mg, 1.8 mmol), 1-me 
thyl-piperazine (0.22 mL, 2.0 mmol) and diisopropylethy 
lamine (1.4 mL, 7.9 mmol) in n-butanol (12 mL) was heated 
to 110° C. for 3 hours. After cooling to room temperature, 
the precipitated Solid was collected by filtration and washed 
with methanol to yield C1.1 (670 mg.94%). HPLC: 95%, ret. 
time=1.403 min., LC/MS M*=397. 

0458 C1.2: 2-4-(4-Cyano-benzylamino)-6-(4-methyl 
piperazin-1-yl)-pyrimidin-2-ylamino-4-methyl-thiazole-5- 
carboxylic acid ethyl ester 

C1.2 

) C. 
HC 

) EtO > --> 
O 

SN 

0459. A solution of compound C1.1 (117.0 mg, 0.3 
mmol) and 4-cyanobenzylamine (86.0 mg, 0.65 mmol) in 
n-butanol (2.0 ml) was heated to 130° C. overnight. After 
cooling to room temperature, the precipitated Solid was 
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Example D1 

2-4-(4-Chlorophenyl)methylamino-6-(5-ox 
azolyl)-2-pyrimidinyl)amino-4-methyl-5-thiazole 

carboxylic acid ethyl ester 

0464) 

?— 
OS2 

HC 
N N1 N 

to- > --> S N N N 
H H 

O 

Cl 

D1 

0465 D1.1: 2-Amino-6-diethoxymethyl-3H-pyrimidin 
4-one 

D11 
EtO OEt 

N N 

- O 
H 

0466 Asolution of 4,4-diethoxy-3-oxo-butyric acid ethyl 
ester Johnson, T. B. and Mikeska, L. A. J. Am. Chem. Soc. 
41,810 (1919) (18.0 g, 82.5 mol) in ethanol (300 mL) was 
treated with guanidine carbonate (14.8 g., 82.5 mol) and this 
was stirred under reflux until no Solid remained (~4 hours). 
The mixture was concentrated, diluted with water and the 
solid was collected by filtration to give D1.1 (13.1 g, 74%) 
as a beige solid. 'H-NMR (DMSO-d) : 10.78 (1H, bris), 
6.61 (2H, brs), 5.63 (1H, s), 4.90 (1H, s), 3.51 (4H, m), 1.13 
(6H, t, J=7.1 Hz). LC/MS:ret. time:0.757 min. (M+H)":214. 
M.p.: 1980-202.7° C. 
0467 D1.2 (4-Diethoxymethyl-6-oxo-1,6-dihydro-pyri 
midin-2-yl)-thiourea 

EtO OEt 

l S. 
HN HN N O 

H 

0468 A solution of D1.1 (1.0 g, 4.69 mmol) in dioxane 
(18 mL) was treated with ethoxycarbonyl isothiocyanate 
(0.553 mL, 4.69 mmol) and refluxed for 30 minutes. The 

D1.2 

66 
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mixture was then freeze dried to afford the crude (4-di 
ethoxymethyl-6-oxo-1,6-dihydro-pyrimidin-2-yl)-(ethoxy 
carbonyl)-thiourea (1.6 g., 100%). LC/MS:ret. time: 1.527 
min. (M+H)":345.40. 

0469 The residue was dissolved in Sodium hydroxide 
(2N, 50 mL) and stirred at 100° C. for 30 minutes. The 
mixture was then cooled in an ice-bath and acidified with 
concentrated hydrochloric acid. The solid was collected by 
filtration and dried under vacuum to give D1.2 (0.740 g, 
59%). HPLC:96.6%, ret. time:0.844 min. 
0470 D1.3 2-(4-Diethoxymethyl-6-oxo-1,6-dihydro 
pyrimidin-2-yl)-amino-4-methyl-5-thiazolecarboxylic acid 
ethyl ester 

D1.3 

EtO OEt 

--i S. S-s-s-s 
0471) A mixture of D1.2 (3.62 g, 13.29 mmol) and ethyl 
2-chloroacetate (1.86 mL, 13.29 mmol) in ethanol (250 mL) 
was refluxed for 20 hours. The mixture was then diluted with 

water and the solid collected by filtration to afford D1.3 (3.9 
g, 76%). H-NMR (DMSO-d) 8:11.84 (2H, brs), 5.24 (1H, 
brs), 4.23 (2H, q, J=7.1 Hz), 3.64 (4H, m), 1.27 (3H, t, J=7.2 
Hz), 1.20 (6H, t, J=7.0 Hz). LC/MS:ret. time: 1.663 min. 
(M+H)":383. 
0472. D1.4 2-(4-Formyl-6-chloro-pyrimidin-2-yl)- 
amino-4-methyl-5-thiazolecarboxylic acid ethyl ester 

O / N N1 N N- us 
0473) A solution of D1.3 (0.500 g, 1.31 mmol) in phos 
phorous oxychloride (5 mL) was stirred at 60° C. for 2 
hours. The mixture was then added to ice/water and stirred 
for 30 minutes. Saturated Sodium carbonate was then added 
and this was diluted with ethyl acetate/tetrahydrofuran. The 
aqueous layer was separated and extracted with ethyl 
acetate. The combined organic layers were dried over anhy 
drous magnesium Sulfate, filtered and concentrated to give 
D1.4 (0.330 g, 77%). H-NMR (DMSO-d) 8:11.92 (1H, br 
s), 9.95 (1H, s), 7.66 (1H, s), 4.33 (2H, q, J=7.1 Hz), 2.63 
(3H, s), 1.36 (3H, t, J=7.1 Hz). LC/MS:86.1%, ret. 
time: 1.413 min. (M+HO+H)":345.33. 

4 
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0474 D1.5 2-(4-Oxazol-5-yl-6-chloro-pyrimidin-2-yl)- 
amino-4-methyl-5-thiazolecarboxylic acid ethyl ester 

D1.5 

O 7 N N1 N 

--lu. Cl 

0475) A mixture of D1.4 (0.515g, 1.57 mmol), TOSMIC 
(0.307 g., 1.57 mmol) and potassium carbonate (0.217 g, 
1.57 mmol) in ethanol (30 mL) was refluxed for 2 hours. The 
mixture was then cooled to room temperature and diluted 
with water. The precipitated Solid was collected by filtration 
and dried under vacuum to provide D1.5 (0.482 g, 75%). 
H-NMR (DMSO-d) 8:12.68 (1H, brs), 8.82 (1H, s), 8.15 
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(1H, s), 7.66 (1H, s), 4.29 (2H, q, J=7.1 Hz), 2.56 (3H, s), 
1.34 (3H, t, J=7.2 Hz). LC/MS:ret. time:1,807 min. (M+H)" 
:366.28. 

0476) D 1.6 2-4-(4-Chlorophenyl)methyl-6-(5-ox 
azolyl)-2-pyrimidinyl)amino-4-methyl-5-thiazolecarboxy 
lic acid ethyl ester 

0477. A mixture of D1.5 (0.048 g., 0.131 mmol) and 
4-chlorobenzylamine (0.032 mL, 0.262 mmol) in N-meth 
ylpyrrolidinone was stirred at 60° C. for 2 hours. The 
mixture was then concentrated, dissolved in DMF and 
purified by Prep HPLC (Acetonitrile/water/0.1% TFA, col 
umn Xterra C820x100 mm). The residue was then triturated 
in methanol to yield D1 (0.049 g, 65%) as a beige solid. 
H-NMR (DMSO-d) 8:11.72 (1H, brs), 8.56 (1H, s), 8.39 
(1H, brs), 7.66 (1H, s), 7.36 (4H, m), 6.51 (1H,s), 4.68 (2H, 
bris), 4.18 (2H, q, J=7.1 Hz), 1.22 (3H, t, J=7.1 Hz). 
LC/MS:ret. time: 1.703 min. (M+H)":471.30. 

Examples D2 to D17 

0478 Examples D2 to D17 were prepared in a similar 
manner to that used for Example D1 utilizing the appropriate 
amines and N,N-dimethylformamide as the solvent instead 
of N-methylpyrrolidinone. 

TABLED 

O 

\-o-i N1 N 
O ----- L 

HPLC 

Retention % MS 

Ex. L. Name (min) Purity Reported 

D2 2-4-(4- 1.28 95 S16.33 
HN Aminosylfonylphenyl)methyl 
2 N N amino-6-(5-oxazolyl)-2- 
M S H pyrimidinylamino-4-methyl 
% 5-thiazolecarboxylic acid ethyl 

O ester 

D3 2-4-Morpholino-6-(5- 1.3 1OO 417.32 
Oxazolyl)-2- 

N pyrimidinylamino-4-methyl 
5-thiazolecarboxylic acid ethyl 
ester 

O 

D4 2-4-II(3,4- 1.39 89 497.34 

-A -Crs 
MeO 

Dimethoxyphenyl)methylamino 
6-(5-oxazolyl)-2- 
pyrimidinylamino-4-methyl 
5-thiazolecarboxylic acid ethyl 
ester 
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TABLE D-continued 
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\-o-i N1 N 
O ----- L 

Ex. L 

D16 -N(CHCHOMe), 

D17 opo 
N 

Name 

2-4-N,N- 
Dimethoxyethylamino-6-(5- 
Oxazolyl)-2- 
pyrimidinylamino-4-methyl 
5-thiazolecarboxylic acid ethyl 
ester 

2-4-(1,4)-Bipiperidinyl-6- 
(5-oxazolyl)-2- 
pyrimidinylamino-4-methyl 
5-thiazolecarboxylic acid ethyl 
ester 

HPLC 
Retention % MS 

(min) Purity Reported 

1.34 96 463.4 

1.13 99 498.38 

HPLC conditions used to determine retention times; 2 min gradient 0-100% B in A; (A; 0.05% TFA in 90/10 water? 
acetonitrile; B; 0.05% TFA in 10/90 waterfacetonitrile) using a X-terra C-8 4.6 x 30 mm column at 254 nm 

Example E1 

2-4-(4-Hydroxy-piperidin-1-yl)-6-(3,4,5-tri 
methoxy-phenyl)-pyrimidin-2-ylamino-4-methylthi 

aZole-5-carboxylic acid ethyl ester 

0479) 

E1 
OH 

N 

H3C 

N N1 N 

EtO W > l 2 OMe 
S N N 

H 

O 
OMe 

OMe 

0480 E1.1 2-4-(4-Hydroxy-piperidin-1-yl)-6-(3,4,5-tri 
methoxy-phenyl)-pyrmidin-2-ylamino-4-methylthiazole-5- 
carboxylic acid ethyl ester 

E1.1 
OH 

N 

HC 

) EtO > -s; 
O 

0481. A suspension solution of A1.3 (6.04g, 18.1 mmol), 
4-hydroxypiperidine (1.84 g., 18.2 mmol) and diisopropyl 
ethylamine (6.3 ml, 36.2 mmol) in ethanol (30 mL) was 
heated to 50° C. for 16 hours. After cooling to room 
temperature, the precipitated Solid was collected by filtration 
and washed with ethanol to yield E1.1 (4.72 g, 65%). 
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H-NMR (DMSO-d) :11.82 (1H, bs), 6.59 (1H, s), 4.82 
(1H, d, J=4.0 Hz), 4.20 (2H, q, J=7.1 Hz), 3.79 (1H, m), 3.40 
(2H, m), 2.50 (3H, s), 1.80 (2H, m), 1.40 (2H, m), 1.26 (3H, 
t, J=7.1 Hz); HPLC: 95%, ret. time"=1.50 min., LC/MS 
(M+H)"=398. 
0482 E1.2 2-4-(4-Hydroxy-piperidin-1-yl)-6-(3,4,5-tri 
methoxy-phenyl)-pyrimidin-2-ylamino-4-methylthiazole 
5-carboxylic acid ethyl ester 

OH 

N 

HC 

N N1 N 

EtO > -- OMe 
S N N 

H 

O 
OMe 

OMe 

0483) A solution of E1.1 (147 mg, 0.370 mmol), 3,4,5- 
trimethoxyphenylboronic acid (130 mg, 0.613 mmol), 
Pd(PPh), (21 mg, 0.018 mmol) and K.CO, (2 mL of 2M 
aqueous Solution) in 1,2-dimethoxyethane (10 mL) and 
ethanol (3 mL) under argon atmosphere was heated at reflux 
for 16 h. The reaction was concentrated, the residue dis 
solved in DMF, filtered through cotton and a plug C-18 silica 
gel. The resulting Solution was directly purified on the 
preparative HPLC. Fractions containing the product was 
Slightly concentrated and the resulting precipitate collected 
by filtration, washed with water, to afford E1 (89 mg, 45%) 
as a light pink solid. 'H-NMR (DMSO-d) 8:11.55 (1H, s), 
7.58 (2H, s), 7.02 (1H, s), 4.80 (1H, d, J=4.0 Hz), 4.22 (2H, 
q, J=7.1 Hz), 4.22 (2H, m), 3.93 (6H, s), 3.77 (1H, m), 3.72 
(3H, s), 3.36 (2H, m), 2.52 (3H, s), 1.80 (2H, m), 1.40 (2H, 
m), 1.25 (3H, t, J=7.1 Hz); HPLC: 95%, ret. time'—1.44 min., 
LC/MS (M+H)"=530. 
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Example E2 
2-4-(4-Hydroxy-piperidin-1-yl)-6-4-(1H-tetrazol-5- 
yl)-phenyl-pyrimidin-2-ylamino-4-methylthiazole 

5-carboxylic acid ethyl ester 
0484) 

E2 
OH 

N 

H3C 

N N1 N 

EtO / > l 2 
S N 

O 

2N 
N 

HN ( 

0485) A solution of E6 (52 mg, 0.1119 mmol), sodium 
azide (92 mg, 1.415 mmol) and ammonium chloride (85 mg, 
1.586 mmol) in DMF (2 mL) in a quartz microwave reactor 
was irradiated for 15 min at 300W So as to maintain a 
reactive temperature of 175 C. Upon cooling, the reaction 
was filtered and purified by preparative HPLC to afford E2 
(25 mg, 44%). H-NMR (DMSO-d) 8:11.66 (1H, bs), 8.41 
(2H, d, J=8.2 Hz), 8.15 (2H, d, J=8.2 Hz), 7.13 (1H, s), 4.81 
(1H, bs), 4.23 (2H, q, J=7.1 Hz), 4.22 (2H, m), 3.81 (1H,bs), 
3.43 (2H, m), 2.53 (3H, s), 1.84 (2H, m), 1.40 (2H, m), 1.30 
(3H, t, J=7.1 Hz); HPLC:100%, ret. time"=1.30 min., 
LC/MS (M+H)"=508. 

Example E3-E30 
0486) 

HC N N N too, 
0487. Examples E3 to E30 were prepared in a similar 
manner to that used for Example E1 utilizing the appropriate 
amines and organometallic coupling partner. 
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Example F1 

2-4-4-Carboxy-phenyl)-6-(4-hydroxy-piperidin-1- 
yl)-pyrimidin-2-ylamino-4-methyl-thiazole-5-car 

boxylic acid ethyl ester 

0488 

F1 
OH 

N 

HC 

) EtO > -s? 
O 

0489 F1.1: 4-(2-Amino-6-hydroxy-pyrimidin-4-yl)-ben 
Zoic acid ethyl ester 

COH 

F1.1 

COEt 

0490 A solution of 4-methoxycarbonylbenzoylacetic 
acid methyl ester (5.0g, 21.2 mmol) and guanidine carbon 
ate (3.82 g, 21.2 mmol) in ethanol (150 mL) was heated at 
reflux for 4 hours. The reaction was cooled to rt then 2N HCl 
(40 mL) was added. The resulting solid was collected by 
filtration to afford F1.1 (7.1 g) as a carbonate salt which was 
used as is in the subsequent step. HPLC:90%; ret. time'- 
1.30 min.; LC/MS (M+H)"=261. 
0491 F1.2: 4-(2-Amino-6-chloro-pyrimidin-4-yl)-ben 
Zoic acid ethyl ester 

F1.2 

COEt 

0492. A solution of F1.1 (4.0 g, 12.5 mmol) in POCl (15 
mL) was heated at 100° C. for 4 hours. The reaction was 

76 
Aug. 28, 2003 

cooled to RT, partitioned between EtOAc and NaHCO, the 
organic phase was dried (MgSO), filtered and concentrated. 
The residue was purified by flash chromatography (10% 
4100% EtOAc/hexane) to afford F1.2 (1.183 g). H-NMR 
(DMSO-d) 8:8.22 (2H, d, J=8.6 Hz), 8.06 (2H, d, J=8.6 
Ha), 7.32 (1H, s), 7.26 (2H, bs), 4.34 (2H, q, J=7.1 Hz), 1.33 
(3H, t, J=7.1 Hz); HPLC.92%; ret. time'–1.87 min.; LC/MS 
(M+H)"=278. 
0493 F1.3: 4-(6-Chloro-2-ethoxycarbonylthioureido-py 
rimidin-4-yl)-benzoic acid ethyl ester 

F1.3 
Cl 

S N 

EtOC ls l 2 
YN N N 

H H 

COEt 

0494. A solution of F1.2 (1.18 g, 4.26 mmol) and ethoxy 
carbonylisothiocyanate (1.12 g, 8.52 mmol) in dioxane (40 
mL) was heated at 100° C. for 16 hours. The reaction was 
cooled to rt and Et2O and hexane were added. The resulting 
precipitate was collected by filtration to afford F1.3 (1.36 g, 
78%). H-NMR (DMSO-d) 8:12.43 (1H, s), 12.08 (1H, s), 
8.37 (2H, d, J=8.6 Hz), 8.13 (1H, s), 8.10(2H, d, J=8.6 Hz), 
4.36(2H, q, J=7.1 Hz), 4.18 (2H, q, J=7.1 Hz), 1.34 (3H, t, 
J=7.1 Hz), 1.24 (3H, t, J=7.1 Hz); HPLC:95% ret. time= 
2.15 min.; LC/MS (M+H)"=409. 

0495 F1.4: 
benzoic acid 

4-(6-Chloro-2-thioureido-pyrimidin-4-yl)- 

F1.4 
C 

S N 

ls l 2 
HN N 

COH 

0496 A solution of F1.3 (1.3 g, 3.2 mmol) in 2N NaOH 
(25 mL) was stirred at rt for 2 hours. The reaction was 
acidified with 2N HCl. The resulting precipitate was col 
lected by filtration to obtain F1.4 (982 mg, 100%). "H-NMR 
(DMSO-d) 8:11.07 (1H, s), 9.93 (1H, d, J-3.0 Hz), 9.38 
(1H, s), 8.31 (2H, d, J=8.5 Hz), 8.15 (2H, d, J=8.5 Hz), 8.14 
(1H,s); HPLC:95%; ret. time'—1.05 min. LC/MS (M-H)= 
3.07.- 
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TABLE F-continued 

Ex. Z. Name 

F11 SONH2 2-4-(4-Carboxy-phenyl)-6-(4-sulfamoyl 
benzylamino)-pyrimidin-2-ylamino-4- 
methylthiazole-5-carboxylic acid ethyl ester 

HN 

olo 

Aug. 28, 2003 
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HPLC 
Retention MS 

(min) Reported 

1.36 569.26 

HPLC conditions used to determine retention times: 2 min gradient 0-100% B in A(A; 0.05% TFA in 
90/10 waterfacetonitrile; B; 0.05% TFA in 10/90 waterfacetonitrile) using a Primesphere C18 4.6 x 30 
mm column at 220 mm. 

Example G1 
2-4-5-Allyl-4-(aminosulfonyl)phenyl)methyl 

amino-6-chloro-2-pyrimidinyl)amino-4-methyl-5- 
thiazolecarboxylic acid, ethyl ester 

0503) 

G1 

Cl 

") O - - 4n 
H H 

SONH2 

0504 G1.1: 2-(5-Allyl-4,6-(1H,5H)pyrimidinedion 
2yl)amino-4-methyl-5-thiazolecarboxylic acid ethyl ester 

G1.1 
Cl 

) u? O -- O 

0505) A solution of NaOEt in EtOH was prepared by 
stirring Na (88 mg, 3.83 mmol) with absolute EtOH (15 mL) 

at room temperature until the mixture became homoge 
neous. A1.1 (350 mg, 1.53 mmol) was then added and the 
mixture was stirred for 20 min. Diethyl allylmalonate (0.30 
mL, 1.53 mmol) was added dropwise, the reaction mixture 
was heated at reflux for 22 hr, and then cooled and poured 
onto a mixture of 10% aqueous HSO and ice. The solid 
was collected by filtration, washed with water and dried to 
afford 346 mg (67% yield) of G1.1 as a tan solid. 
LC/MS:337.58 M+H" 

0506 G1.2: 2-(5-Allyl-4,6-dichloropyrimidin-2- 
yl)amino-4-methyl-5-thiazolecarboxylic acid ethyl ester 

G1.2 
Cl 

") i N1 N 2 
/ S-1-1, 

0507. A mixture of G1.1 (346 mg, 1.03 mmol) and POCl. 
(5 mL) was heated at 100° C. for 19 hr. The reaction mixture 
was poured slowly onto a mixture of ethyl acetate, 2 N 
NaOH and ice. The layers were separated and the organic 
phase was washed with sat. NaHCO, water and brine, dried 
over MgSO and concentrated. Afforded 285 mg (74% 
yield) of G1.2 as a yellow solid. LC/MS:373.49 M+H"; "H 
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NMR (400 MHz, d-DMSO):85.90 (m, 1 H), 5.10 (m, 2 H), 
4.27 (q, J=7.1 Hz, 2 H), 3.51 (m, 2 H), 2.5 (s, 3 H), 1.29 (t, 
J=7.1 Hz, 3 H). 

G1.3: 2-4-5-Allyl-4-(aminosulfonyl)phenylme 
thylamino-6-chloro-2-pyrimidinyl)amino-4-me 

thyl-5-thiazolecarboxylic acid ethyl ester 

0508) A mixture of G1.2 (51 mg, 0.137 mmol), 4-ami 
nomethylbenzenesulfonamide hydrochloride (32 mg, 0.143 
mmol), (iPr).NEt (70 uL, 0.411 mmol) and iProH (0.6 mL) 
was heated at 105 C. in a sealed tube for 24hr. The reaction 
mixture was cooled to room temperature and the precipitated 
solid was collected by filtration and washed with water, 
iPr0H, and ether. Afforded 63 mg (88% yield) of G1 as a tan 
solid: LC/MS:523.49 M+H" 

Ex. 

al 
NH HNN 

aO 
HN O 

NH Me-Nu 

Sao 
HN O 

80 
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Example G2-G16 

Z. 

H3C J 

) EtO >-sels, 
O 

0510) Examples G2 to G16 were prepared in a similar 
manner to that used for Example G1 utilizing the appropriate 
replacement for diethyl allylmalonate in Step G1.1 

0509) 

TABLE G 

HPLC 

Retention MS 

J Name (min) Reported 

-CH 2-4-4- 2.31 547.23 
(Aminosulfonyl)phenyl 
methylamino-5- 
methyl-6-(1- 
piperazinyl)-2- 
pyrimidinylamino-4- 
methyl-5- 
thiazolecarboxylic 
acid, ethyl ester, 
trifluoroacetate (1:3) 

-CH 2-4-4- 2.84 548.22 
(Aminosulfonyl)phenyl 
methylamino-5- 
methyl-6-(4- 
morpholinyl)-2- 
pyrimidinylamino-4- 
methyl-5- 
thiazolecarboxylic 
acid, ethyl ester. 

2-4-5-AllylA- 2.47 
(aminosulfonyl)phenyl 
methylamino-6-(4- 
methylpiperazinyl)-2- 
pyrimidinylamino-4- 
methyl-5- \ thiazolecarboxylic 
acid, ethyl ester 

587.51 
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TABLE G-continued 

Ex. Z. L J 

G14 

G15 -r -OMe 
N-Me 

N 

Me-Nu 
OMe 

MeO 
OMe 

G16 

Name 

2-4,6-Bis-(4-hydroxy 
piperidin-1-yl)-5- 
methoxypyrimidin-2- 
ylamino-4-methyl 
thiazole-5-carboxylic 
acid ethyl ester 

2-4-N-3,4,5- 
(Trimethoxy) 
phenylmethyl-N- 
methylamino-5- 
methoxy-6-(4-methyl 
1-piperazinyl)-2- 
pyrimidinylamino-4- 
methyl-5- 
thiazolecarboxylic 
acid, ethyl ester 

2-4-3- 
pyridylmethyloxy-5- 
(2-propenyl)-6-(4- 
morpholinyl)-2- 
pyrimidinylamino-4- 
methyl-5- 
thiazolecarboxylic 
acid, ethyl ester 

HPLC 
Retention 

(min) 
162b 

1.65 

3.29 
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MS 
Reported 

493.21 

6O2.18 

497.07 

HPLC conditions used to determine retention times; 4 min gradient 0-100% B in A(A; 0.1% TFA in 90/10 water/methanol; B; 0.1% TFA 
in 10/90 water/methanol) using a YMC turbopack column at 254 nm. 
YMC ODS 5 um C18 column 4.6 x 30 mm (2 min) 
Waters Xterra 4.6 x 305u C18, 4 min gradient, 0–100% B in A(A; 0.2% HPO, in 90/10 water/methanol; B; 0.2% HPO, in 10/90 
water/methanol) at 220 mm 

Example H1 0512 H1.1 2-(4-Chloro-6-ethoxycarbonylmethyl-pyri 
midin-2-yl -amino-4-methyl-5-thiazolecarboxylic acid 

2-(4- Ethoxycarbonylmethyl-6-morpholin-4-yl- ethyl ester 
pyrimidin-2-yl)-amino-4-methyl-5-thiazolecarboxy 

lic acid ethyl ester 
H1.1 

0511) O 

H1 1n 
O 

O1N N- O 7 N N1 N 
ls -l S HN 4N N N-O / O 

-l l 2 
HN N N 

O ~ 0513 A1.1 (3.0 g, 13.14 mmol) was added to a solution 
O of sodium ethoxide in ethanol (705 mg of sodium, 30 mmol 

in 100 mL of ethanol). The reaction mixture was heated in 
an oil bath at 100° C. for 30 minutes during which time 
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most, but not all, of the material had dissolved, and diethyl 
3-oxoglutarate (4.00 g, 19.74 mmol) was added dropwise 
over 30 minutes. The reaction mixture was maintained in an 
oil bath to 100 C. for 16 hours. An additional 2.4 mL of 
diethyl-3-oxoglutarate were added and the reaction mixture 
refluxed for an additional 4 hours after which HPLC analysis 
indicated only a trace amount of Starting material remained. 
The reaction mixture was allowed to cool to room tempera 
ture, added to 300 mL of ice/ 10% sulfuric acid, stirred 30 
minutes and the Solid was collected by filtration and dried to 
give a brown Solid. 

0514. The residue was dissolved in phosphorous oxy 
chloride (15 mL) and stirred at 55° C. for 3 hours. The 
mixture was then added to ice/water. After the ice melted the 
Solid was collected by filtration and, dried under Vacuum and 
purified by flash chromatography (Hexane/ethyl acetate 
30% to 100%) to yield H1.1 as a light yellow foam (1.63 g, 
32%). "H-NMR (CDC1) 8:7.02 (1H, s), 4.37 (2H, q, J=7 
Hz), 4.28 (2H, q, J=7 Hz), 3.83 (2H, s), 2.74 (3H, s), 1.42 
(3H, t, J-7 Hz), 1.33 (3H, t, J-7 Hz). HPLC: 96.4%, ret. 
time=1990 min., LC/MS (M+H)"=385. 
0515 H1.2 2-(4- Ethoxycarbonylmethyl-6-morpholin 
4-yl-pyrimidin-2-yl)-amino-4-methyl-5-thiazolecarboxylic 
acid ethyl ester 

0516 A mixture of H1.1 (0.229 g, 0.59 mmol) and 
morpholine (0.100 mL, 1.18 mmol) in tetrahydrofuran was 
stirred at 50 C. for 2.5 hours. The mixture was then 
concentrated, and purified by flash chromatographiy 
(Dichloromethane/Methanol 2% to 10%) to give pure H1 as 
a white solid (0.249 g, 97%). H-NMR (CDC1) 8:6.20 (1H, 
s) 4.32 (2H, q, J=7 Hz), 4.22 (2H, q, J=7 Hz), 3.83 (4H, m), 
3.73 (4H, br, s), 3.68 (2H, s) 2.66 (3H, s), 1.38 (3H, t, J=7 
Hz), 1.19 (3H, t, J-7 Hz). HPLC:96.2%, ret. time=1.387 
min., LC/MS (M+H)"=436. 

Example H2 

2-(4-Ethoxycarbonylmethyl-6-3-oxo-1-piperazi 
nyl-pyrimidin-2-yl)-amino-4-methyl-5-thiazolecar 

boxylic acid ethyl ester 

0517) 

1N 

--l l O 
O HN N Or 

0518 Example H2 was prepared in an analogous manner 
to example H1 with the exception that morpholine was 
replaced by 2-piperazinone. HPLC:95.7%, ret. time=1.487 
min., LC/MS (M+H)"=449. 
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Example 113 

2-(4- Carboxymethyl-6-morpholin-4-yl-pyrimidin 
2-yl)-amino-4-methyl-5-thiazolecarboxylic acid 

0519) 

OH 

-- N rt- to 
0520 H1.2 (0.036 g., 0.083 mmol) was added to a solu 
tion made of ethanol (5 mL) and sodium hydroxide (1N, 0.1 
mL) and stirred at 23° C. for 15 minutes. The mixture was 
then acidified to pH 4 with hydrogen chloride (1N), con 
centrated, dissolved in DMF and purified by Prep HPLC 
(Acetonitrile/water/5 mM ammonium acetate, column 
Primesphere C1821x100 mm) to yield H3 as a white solid 
(0.029 g, 86%). H-NMR (DMSO-d) 8:12.40 (1H, br, s), 
11.50 (1H, br, s), 6.35 (1H, s), 4.09 (2H, q, J=7 Hz), 3.58 
(8H, m), 3.42 (2H, s), 2.39 (3H, s), 1.16 (3H, t, J=7 Hz). 
HPLC:95.2%, ret time=1.250 min., LC/MS (M+H)"=408. 

Example H4 

2-4-Morpholin-4-yl-6-(3 4,5-trimethoxy-phenyl 
carbamoyl)-methyl-pyrimidin-2-ylamino-4-methyl 

5-thiazolecarboxylic acid ethyl ester 

0521) 

N O 
H 

H3C N N N 

".> -- 
0522 To a solution of H3 (0.025g, 0.061 mmol) in DMF 
was added 3,4,5-trimethoxyaniline (0.013 g, 0.073 mmol), a 
solution of containing EDC/hydroxybenzotriazole in DMF 
(0.25M, 0.370 mL, 0.092 mmol) and N,N-diisopropylethy 
lamine (32 u , 0.183 mmol). Stirred at 23° C. for 20 hors. 
The mixture was then acidified with acetic acid (0.100 mL) 
and purified by Prep HPLC (Acetonitrile/water/5 mM 
ammonium acetate, column Primesphere C1821x100mm) 
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0524) To avoid confusion in enumeration of the examples 
the letter “I” has been intentionally omitted. Thus there are 
no examples Such as I1, etc. The example numbering pro 
ceeds directly from Hii, to J#. 

Example J1 

2-4-Ethoxycarbonyl-6-(4-sulfamoyl-benzylamino)- 
2-pyrimidinyl)amino-4-methyl-5-thiazole carboxy 

lic acid ethyl ester 

0525) 
J1 

O On 1 
H3C 

N N1 N 

tui sul S N N N 
H H O 

O 4. 
My H, 
O 

0526 J1.1: 2-Amino-6-oxo-1,6-dihydro-pyrimidine-4- 
carboxylic acid ethyl ester 

J11 

O On 1 

N1 N 

- O 
0527. A solution of oxalacetic acid diethyl ester (8.5 g, 
45.2 mmol) in ethanol (100 mL) was treated with guanidine 
carbonate (8.1 g, 45.2 mmol) and this was stirred under 
reflux for 2 hours. The mixture was diluted with water, 
concentrated to removed ethanol, and the Solid was collected 
by filtration. The solid was then suspended in ethanol (40 
mL) and concentrated hydrochloric acid (1 mL) and refluxed 
for 15 minutes. The mixture was then cooled, basified with 
potassium carbonate, diluted with water and concentrated to 
removed ethanol. The white solid was collected by filtration 
and vacuum dried to give J1.1 (1.67 g, 20%). "H-NMR 
(DMSO-d) 8:10.34 (1H, brs), 8.92 (1H, brs), 7.46 (1H, br, 
s), 5.42 (1H, s), 4.18 (2H, q, J=7 Hz), 1.24 (3H, t, J=7 Hz). 
0528 J1.2 4-(6-Oxo-2-ethoxycarbonylthioureido-1,6-di 
hydro-pyrimidin-4-yl)-carboxylic acid ethyl ester 

J12 

O ON-1 

O S 

--------, 
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0529) A solution of J1.1 (1.67 g., 9.11 mmol) in dioxane 
(20 mL) was treated with ethoxycarbonyl isothiocyanate 
(1.07 mL, 9.11 mmol) and refluxed for 30 minutes. The 
mixture was then freeze dried to afford J1.2 (2.86 g, 100%). 
H-NMR (DMSO-d) 8:12.25 (1H, brs), 12.15 (1H, brs), 
11.40 (1H, br, s), 5.72 (1H, s), 4.22 (2H, q, J=7 Hz), 4.12 
(2H, q, J=7 Hz), 1.27 (3H, t, J=7 Hz), 1.22 (3H, t, J=7 Hz). 
LC/MS:ret. time: 1.470 min. (M+H)":315. 
0530 J1.3 2-4-Ethoxycarbonyl-6-chloro-2-pyrimidi 
nyl)amino-4-methyl-5-thiazole carboxylic acid ethyl ester 

J1 

O N-1 

H3C 

) EtO >ses, 
O 

0531 J1.2 (2.6 g., 8.27 mmol) was dissolved in aqueous 
sodium hydroxide (2N, 20 mL) and stirred at 90° C. for 30 
minutes. The mixture was then cooled in an ice-bath, acidi 
fied with concentrated hydrochloric acid and concentrated to 
dryneSS. The Solid was Suspended in an ethanolic hydro 
chloric acid solution (2M, 30 mL) and heated at 80° C. for 
2 hours. The mixture was concentrated, diluted with water 
and the white solid was collected by filtration. The thiourea 
and ethyl-2-chloroacetate (0.6 mL, 4.33 mmol) in ethanol (5 
mL) were stirred at reflux 24 hours, to give an insoluble 
product which after dilution with water, was collected by 
filtration and vacuum dried. The resulting Solid was Sus 
pended in phosphorous oxychloride (30 mL) and stirred at 
100 C. for 2 hours. The mixture was then cooled to room 
temperature and added to ice/water and Stirred for 2 hours. 
The beige solid which precipitated out was collected by 
filtration and dried under vacuum to yield J1.3 (0.719 g, 
23%). H-NMR (DMSO-d) 8:7.64 (1H, s), 4.40 (2H, q, J=7 
Hz), 4.25 (2H, q, J=7 Hz), 2.55 (3H, s), 1.40 (3H, t, J=7 Hz), 
1.29 (3H, t, J=7 Hz), LC/MS:ret. time:1.980 min. (M+H)" 
:371. 

3 

0532 J1.4 2-4-Ethoxycarbonyl-6-(4-sulfamoyl-benzy 
lamino)-2-pyrimidinyl)amino-4-methyl-5-thiazole Cat 
boxylic acid ethyl ester 

0533) A solution made of J1.3 (0.719 g, 1.9 mmol), 
4-aminomethylbenzenesulfonamide hydrochloride (0.520 g, 
2.3 mmol) and triethylamine (530 ul, 3.8 mmol) in N-me 
thylpyrrolidinone (20 mL) was stirred at 90° C. for 1 hour. 
The mixture was then cooled to room temperature, diluted 
with water and the white solid was collected by filtration to 
give pure J1 (0.937g, 95%). H-NMR (DMSO-d) 8:11.78 
(1H, br, s), 8.58 (1H, br, s), 7.71 (2H, d, J=8 Hz), 7.48 (2H, 
d, J=8 Hz), 7.25 (2H, s), 6.80 (1H, s), 4.73 (2H, bris), 4.26 
(2H, q, J=7 Hz), 4.15 (2H, q, J=7 Hz), 2.43 (3H, merge with 
DMSO), 1.27 (3H, t, J-7 Hz), 1.19 (3H, t, J-7 Hz). 
HPLC:91.3%, ret. time=1.363 min., LC/MS (M+H)"521. 
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Example J2 

2-4-Carboxyl-6-(4-sulfamoyl-benzylamino)-2- 
pyrimidinyl)amino-4-methyl-5-thiazole carboxylic 

acid ethyl ester 

0534) 

J2 

O OH 

HC 

) EtO \ >-sels, 
H H O 

O 4. 
AYH, 
O 

0535 A solution of J1 (0.880 g, 1.7 mmol) in ethanol (10 
mL) and sodium hydroxide (20%, 5 mL) was stirred at room 
temperature for 90 minutes. The mixture was then acidified 
with acetic acid to precipitate the Salt, which is collected by 
filtration. The product is dissolved in DMF and purified by 
Prep HPLC (Acetonitrile/water/5 mM ammonium acetate, 
column Xterra C820x10 mm) to give J2 (820 mg., 98%) as 
a white solid. 'H-NMR (DMSO-d) 8:13.33 (1H, br, s), 
11.81 (1H, br, s), 8.63 (1H, br, s), 7.77 (2H, d, J-8 Hz), 7.54 
(2H, d, J=8 Hz), 7.31 (2H, s), 6.84 (1H, s), 4.82 (2H, bris), 
4.22 (2H, q, J=7 Hz), 2.49 (3H, merge with DMSO), 1.05 
(3H, t, J-7 Hz). HPLC: 96.9%, ret. time=1.213 min., LC/MS 
(M+H)"=493. 

Example J3 

2-4-(Carboxymethyl-carbamoyl)-6-(4-sulfamoyl 
benzylamino)-2-pyrimidinyl)amino-4-methyl-5- 

thiazolecarboxylic acid ethyl ester 

0536) 

J3 

O 

Nulls O N 
OH 

H3C 

) EtO \ >-sels, 
H H O 

O 4. 
A YH, 
O 

0537) To a solution of J2 (0.100 g, 0.2 mmol) in DMF (3 
mL) was added Glycine methyl ester hydrochloride (38 mg, 
0.30 mmol), triethylamine (85 uL, 0.60 mmol) and ben 
Zothiazole-1-yl-oxy-tris-pyrrolidino-phosphonium 
hexafluorophosphate (158 mg, 0.30 mmol). The mixture was 

89 
Aug. 28, 2003 

stirred at 23° C. for half an hour, then diluted with water and 
the precipitate was collected by filtration. The ester was 
sasponified in ethanol (5 mL) and sodium hydroxide (0.5 
mL) at 23° C. in 1 hour. The mixture was then acidified with 
acetic acid, concentrated to remove ethanol and freeze dried. 
The resulting solid was triturated with water, filtered and 
vacuum dried to give pure J3 (44 mg, 76%) as a white solid. 
"H-NMR (DMSO-d) 8:11.84 (1H, br, s), 8.61 (1H, br, s), 
8.22 (1H, br, s), 7.70 (2H, d, J=8 Hz), 7.47 (2H, d, J=8 Hz), 
7.24 (2H, s), 6.80 (1H, s), 4.78 (2H, m), 4.15 (2H, q, J=7 
Hz), 3.71 (2H, bris), 2.43 (3H, merge with DMSO), 1.19 
(3H, t, J-7 Hz). HPLC: 94.8%, ret. time=1330 min., LC/MS 
(M+H)"=550. 

Example K1 

2-4-(4-Hydroxy-piperidin-1-yl)-6-(4-methylsulfa 
nyl-benzyl)-pyrimidin-2-ylamino-4-methyl-5-thiaz 

olecarboxylic acid ethyl ester 

0538) 

K1 

OH 

) 1 N-O > ls 
S N 

O 

0539 K1.1: 2-Amino-6-(4-methylsulfanyl-benzyl)-3H 
pyrimidin-4-one 

K1.1 

0540 A solution of guanidine carbonate (0.785 g, 4.36 
mmol), 4-(4-methylsulfanyl-phenyl)-3-oxo-butyric acid 
ethyl ester ((28 g., 0.17 mol) {prepared following the method 
described by Becher in J. Org. Chem, 64, pp.2814-2820, 
(1999)}) in ethanol (50 mL) was heated to 90° C. for 1 hour. 
The reaction mixture was concentrated, diluted with water 
and ethyl acetate, then neutralized with HCl conc. The beige 
solid which precipitated out was collected by filtration and 
dried under vacuum to yield K1.1 (0.420 g, 39%). "H-NMR 
(DMSO-d) 8:7.21 (4H, s), 6.94 (1H, s), 6.52 (2H, br, s), 
5.36 (1H, s), 3.53 (2H, s), 2.45 (3H, s ). HPLC:100%, ret. 
time=1.293 min., LC/MS (M+H)"=248. 
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0541 K1.2: 2-4-Chloro-6-(4-methylsulfanyl-benzyl)- 
pyrimidin-2-ylamino-4-methyl-5-thiazolecarboxylic acid 
ethyl ester 

K1.2 

0542. To a solution of K1.1 (0.3 g, 1.21 mmol) in dry 
dioxane (20 mL) was added ethyl isothiocyanatoformate 
(0.143 mL, 1.21 mmol). The reaction mixture was heated in 
an oil bath at 120° C. for 1 hour and then concentrated to 
dryneSS to give an orange paste. The residue was then 
dissolved in aqueous sodium hydroxide (1N, 15 mL) and 
heated to 80 C. for 1 hour. The reaction mixture was 
allowed to cool to room temperature, the pH adjusted to 7 
with aqueous HCl and the Solid which precipitated out was 
collected by filtration and dried under vacuum. The thiourea 
was then Suspended in ethanol and 2-chloroacetoacetate 
(0.130 mL, 0.92 mmol), and the resulting mixture was 
maintained at 100° C. for 3 hours, cooled down to room 
temperature and diluted with water. The resulting off-white 
solid was collected by filtration and vacuum dried. The solid 
was finally added to phosphorous oxychloride (5 mL) and 
stirred at 85 C. for 3 hours and then it was cooled down to 
room temperature and poured into 50 g of ice. After the ice 
melted, the aqueous phase was extracted with a 7:3 mixture 
of ethyl acetate/THF. The organic phase was dried with 
Sodium Sulphate, filtered and concentrated. The residue was 
purified on flash chromatographiy with ethyl acetate to give 
a yellow solid which was triturated with methanol to give 
pure K1.2 (0.108 g, 20%). H-NMR (DMSO-d) 8:12.45 
(1H, brs) 7.26 (5H, m), 4.27 (2H, q, J=7 Hz), 4.05 (2H, s) 
2.54 (3H,s), 2.44 (3H, s), 1.32(3H, t, J=7 Hz). HPLC:95.8%, 
ret. time=2.350 min., LC/MS (M+H)"=435. 
0543 K1.3: 2-4-(4-Hydroxy-piperidin-1-yl)-6-(4-meth 
ylsulfanyl-benzyl)-pyrimidin-2-ylamino-4-methyl-5-thiaz 
olecarboxylic acid ethyl ester 

0544) A solution of K1.2 (95 mg, 0.21 mmol) and 4-hy 
droxypiperidine (26 mg, 0.26 mmol) in N-methylpyrrolidi 
none (3.0 mL) was heated to 60° C. for an hour. An 
additional portion of 4-hydroxypiperidine (26 mg, 0.26 
mmol) was added and the mixture was stirred for 15 
minutes. The reaction mixture was allowed to cool to room 
temperature, diluted with water and extracted with ethyl 
acetate. The organic phase was washed with water, brine, 
dried with magnesium Sulphate, filtered and concentrated. 
The residue was purified on flash chromatography using 
ethyl acetate to give K1 which crystallized from methanol 
(98 mg.93%). H-NMR (DMSO-d) 8:11.49 (11H, s), 7.29 
(2H, d, J=8 Hz), 7.19 (21H, d, J=8 Hz), 6.47 (1H, s), 4.79 
(1H, d, J=4.22 (2H, q, J=7 Hz), 4.10 (2H, m), 3.78 (3H, m), 
3.31 (1H, Merge with HO), 3.17 (1H, d, J=5 Hz), 2.50 (3H, 
merge with DMSO), 2.44 (3H, s), 1.79 (2H, m), 1.37 (2H, 
m), 1.29 (3H, t, J=7 Hz). HPLC:100%, ret. time=1.720 min., 
LC/MS (M+H)"=500. 
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Example K2 

2-4-(4-Hydroxy-piperidin-1-yl)-6-(4-methanesulfi 
nyl-benzyl)-pyrimidin-2-ylamino-4-methyl-5-thiaz 

olecarboxylic acid ethyl ester 

0545) 

OH 

J. 1. 
0546) To a solution of K1 (43 mg, 0.086 mmol) in 
dichloromethane (3 mL) was added peracetic acid (32% 
Solution in acetic acid, 24 u , 0.112 mmol) and the mixture 
was stirred at 23° C. for half an hour after which HPLC 
analysis indicated no trace of Starting material. Dimethyl 
Sulfide was added and the mixture was concentrated. The 
residue which crystallized from methanol gave pure K2 as a 
cream solid (44 mg, 100%). H-NMR (DMSO-d) 8:11.58 
(1H, br, s), 7.92 (2H, d, J=8 Hz), 7.68 (2H, d, J=8 Hz), 6.63 
(1H, s), 4.86 (1H, br, s), 4.28 (2H, q, J=7 Hz), 4.00 (5H, m), 
2.76 (3H, s), 2.56 (3H, merge with DMSO), 1.98 (2H, s), 
1.86 (2H, m), 1.44 (2H, m), 1.35 (3H, t, J=7 Hz). 
HPLC:91.3%, ret. time=1.270 min., LC/MS (M+H)"=516. 

Example K3 

2-4-(4-Hydroxy-piperidin-1yl)-6-(4-methanesulfo 
nyl-benzyl)-2-pyrimidinyl)amino-4-methyl-5-thiaz 

olecarboxylic acid ethyl ester 

0547) 

OH 

N \- 
N N1 N V 

--.> Jour O 
0548. To a solution of K2 (28 mg, 0.054 mmol) in 
dichloromethane (2 mL) was added peracetic acid (32% 
solution in acetic acid, 50 ul, 0.233 mmol) and the mixture 
was stirred at 23° C. for half an hour after which HPLC 
analysis indicated no trace of Starting material. Dimethyl 
Sulfide was added and the mixture was concentrated. The 
residue was Stripped 2 times with methanol, triturated with 
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ethyl acetate to give K3 as a light yellow solid (21 mg, 72%). 
H-NMR (CDOD) 8:7.94 (2H, d, J=8 Hz), 7.64 (2H, d, J=8 
Hz), 6.51 (1H, s), 4.34 (2H, q, J=7 Hz), 4.27 (2H, m), 4.08 
(2H, s), 4.00 (1H, m), 3.57 (2H, m), 3.12 (3H,s), 2.58 (3H, 
s), 2.02 (2H, m), 1.62 (2H, m), 1.38 (3H, t, J=7 Hz). 
HPLC:91.1%, ret. time=1586 min., LC/MS (M+H)"=532. 

Example L1 

2-4-4-methyl-1-piperazinyl-6-N-methyl-N-(3,4, 
5-trimethoxyphenyl)methylamino-2-pyrimidinyl 
amino-4-trifluoromethyl-5-thiazolecarboxylic acid, 

ethyl ester 

0549) 

L1 

Me 

C 
N 

FC 
N N1 N 

EtO / > l 2 OMe 
S N N N 

H 

O Me 
OMe 

OMe 

0550 L1.1; 2-Amino-4-4-methyl-1-piperazinyl-6-N- 
methyl-N-3,4,5-trimethoxyphenyl)methylpyrimidine 

L1.1 

0551 A mixture of 2-amino4,6-dichloropyrimidine (1.5 
g, 9.146 mmol, 1.0 eq), N-methyl-3,4,5-trimethoxybenzy 
lamine (2.03 g. 9.604 mmol. 1.05 eq)., and diisopropylethy 
lamine (4.8 mL, 27.438 mmol, 3.0 eq) in n-butanol (20 mL) 
was heated in a sealed tube at 110° C. for 43 h. After cooling 
to rt, N-methylpiperazine (1.52 mL, 13.719 mmol, 1.5 eq) 
was added. The reaction mixture was heated at 125 C. for 
48 h, and then cooled and concentrated in vacuo. The residue 
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was passed through a plug of Silica gel using, 5% methanol/ 
dichloromethane to provide L1.1 a tan Semisolid which was 
used in Subsequent reactions without further purification. 
LC/MS:403.59 M+H"; HPLC:90% at 1.42 min (YMC 
ODS 5 um C18 column 4.6x50 mm, 10-90% aqueous 
methanol over 4 min containing 0.1% TFA, 4 mL/min, 
monitoring at 254 nm). 
0552) L12; 2-Ethoxycarbonylaminothiocarbo 
nylamino-4-4-methyl-l-piperazinyl-6-N-methyl-N-3,4, 
5-trimethoxyphenyl)methylpyrimidine 

L1.2 

N 

Ju), ------- 1. N-N 
0553 A Solution of L1 (0.5 g) and ethyl isothiocyanato 
formate (0.15 mL, 1.242 mmol) in 1,4-dioxane (5 mL) was 
heated at reflux for 1.5 h during which time a solid formed. 
The reaction mixture was cooled and the Solid was collected 
by filtration, washed with ether and dried to afford 445 mg 
(67% yield) of L1.2 as a beige solid. LC/MS:534.55 
M+H"; HPLC:100% at 2.31 min (YMC ODS 5 um C18 
column 4.6x50 mm, 10-90% aqueous methanol over 4 min 
containing 0.1% TFA, 4 mL/min, monitoring at 254 nm). 
0554) L1.3; 2-Aminothiocarbonylamino-4-4-methyl 
1-piperazinyl-6-N-methyl-N-3,4,5-trimethoxyphenyl 
methylpyrimidine 

L1.3 

~ 
NS 

N 

u). --- - 
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0555) A solution of L1.2 (438 mg, 0.821 mmol, 1.0 eq) in 
2 N NaOH (8 mL) was stirred at rt for 19 hand then heated 
at reflux for 15 min. The reaction mixture was cooled in an 
ice/water bath and the solid was collected by filtration, 
washed with water and dried to afford 299 mg (79% yield) 
of product as an off-white solid. LC/MS:462.47 M+H"; 
HPLC:>95% at 1.98 min (YMC ODS 5 um C18 column 
4.6x50mm, 10-90% aqueous methanol over 4 min contain 
ing 0.1% TFA, 4 mL/min, monitoring at 254 nm). 
0556 L1.4; 2-4-4-methyl-1-piperazinyl-6-N-methyl 
N-(3,4,5-trimethoxyphenyl)methylamino)-2-pyrimidinyl 
amino-4-trifluoromethyl-5-thiazolecarboxylic acid, ethyl 
eSter 

0557. A mixture of L1.3 (30 mg, 0.065 mmol, 1.0 eq) and 
ethyl 2-chloro-4,4,4-trifluoroacetoacetate (90%, 15.8 mg, 
0.065, 1.0 eq) in ethanol (0.5 mL) was heated in a sealed 
tube at 100° C. After 19 h, the mixture was cooled to rt, 
poured into saturated NaHCO (5 mL) and extracted with 
ethyl acetate (3x10 mL). The combined extracts were 
washed with brine, dried over NaSO and concentrated. 
The residue was purified by preparative TLC (0.5 mm, 5% 
methanol/dichloromethane, eluted 2x) to afford 14.6 mg 
(36% yield) of L1 as a glass. LC/MS:626.19 M+H"; 
HPLC:>95% at 1.51 min (Xterra 5 um C18 column 4.6x30 
mm, 10-90% aqueous methanol over 2 min containing 0.2% 
HPO, 5 mL/min, monitoring at 254 nm). 

Example L2 

2-4-4-Methylpiperazin-1-yl)-6-N-methyl-N-(3, 
4,5-trimethoxyphenyl)methylamino-2-pyrimidinyl 

amino-4-methyl-5-cyanothiazole 

0558) 

NN 

J.C. \ 
2 >s- - 

NS 

0559) A mixture of L1.3 (30 mg, 0.065 mmol, 1.0 eq) and 
2-chloroacetoacetonitrile (prepared from 5-methyl-isox 
azole by the method of Blount et al. J. Org. Chem. 1978, 43, 
3821) (8.0 mg, 0.0682 mmol, 1.05 eq) in ethanol (0.5 mL) 
was heated in a sealed tube at 80° C. After 7 h, the reaction 
mixture was cooled to rt, and the precipitated Solid was 
collected by filtration, washed with ether and dried. Gave 23 
mg (63% yield) of L2 as the HCl salt. Off-white solid; 
LC/MS:525.22 M+H"; HPLC:87% at 1.28 min (Xterra 5 
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lum C18 column 4.6x30 mm, 10-90% aqueous methanol 
over 2 min containing 0.2% HPO, 5 mL/min, monitoring 
at 254 nm). 

Example L3 

2-4-4-Methylpiperazin-1-yl)-1-6-methyl-6-I(3,4, 
5-trimethoxyphenyl)methylamino-2-pyrimidinyl 
amino-4-methyl-5-thiazolecarboxylic acid, 2-meth 

oxyethyl ester 

0560 

L3 

No 
-O On 

NN 
HC 

) \ O > N1n- S se 1. 
O NS 

0561. A mixture of L1.3 (50 mg, 0.108 mmol, 1.0 eq) and 
2-chloro-3-oxo-butyric acid 2-methoxy-ethyl ester (21.2 
mg, 0.108 mmol, 1.0 eq) in ethanol (0.5 mL) was heated in 
a sealed tube at 100° C. After 1.5 h, the reaction mixture was 
cooled to rt and methyl t-butyl ether (1 ml) was added. The 
precipitated solid was collected by filtration, washed with 
methyl t-butyl ether and dried to afford 42.8 mg (62% yield) 
of product as the HCl salt. Beige solid; LC/MS:602.20 
M+H"; HPLC:92.8% at 1.24 min (Xterra 5 um C18 
column 4.6x30 mm, 10-90% aqueous methanol over 2 min 
containing 0.2% HPO, 5 mL/min, monitoring at 254 nm). 

Example L4-15 

0562) 

Z. 

H 
N1 N 

R - - 
HN N L 

0563 Examples L4 to L5 were prepared in a similar 
manner to that used for Example L1 utilizing the appropriate 
replacement for ethyl 2-chloro-4,4,4-trifluoroacetoacetate 
in Step L1.4. 
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Example M1-M13 

O564 0564) OH 

N 

Ex. 

M1 

M2 

M3 

M4 

M5 

M6 
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0565) Exampes M1 to M13 were prepared in the follow 
ing manner using the appropriate amines: 

0566) Asolution of F1 (425 mg in 17 mL DMF) was 

dispensed into Vials. To each vial was added the 

appropriate amines (155 uL, 0.5M in DMF, 1.5 

equiv.), EDAC/HOBT (40 u, 0.25 M in DMF, 2 
equiv.) followed by diisopropylethylamine (27 uL,3 

equiv.). The reactions were stirred at room tempera 

ture overnight. Purification by preparative HPLC 

(Cs, water/acetonitrile containing 5mM NH4OAc) 

afforded the desired products. 

TABLE M 

Name 

2-4-4-(2-Diisopropylamino 
ethylcarbamoyl)-phenyl-6-(4- 
hydroxy-piperidin-1-yl)- 
pyrimidin-2-ylamino-4- 
methyl-5-thiazolecarboxylic 
acid ethyl ester 

2-4-4-(3-Dimethylamino 
propylcarbamoyl)-phenyl-6- 
(4-hydroxy-piperidin-1-yl)- 
pyrimidin-2-ylamino-4- 
methyl-5-thiazolecarboxylic 
acid ethyl ester 

2-4-4- 
(Cyclohexylmethylcarbamoyl)- 
phenyl-6-(4-hydroxy 
piperidin-1-yl)-pyrimidin-2- 
ylamino-4-methyl-5- 
thiazolecarboxylic acid ethyl 
ester 

2-4-4-(Pyridin-4- 
ylmethylcarbamoyl)-phenyl 
6-(4-hydroxy-piperidin-1-yl)- 
pyrimidin-2-ylamino-4- 
methyl-5-thiazolecarboxylic 
acid ethyl ester 

2-4-4-(Isobutylcarbamoyl)- 
phenyl-6-(4-hydroxy 
piperidin-1-yl)-pyrimidin-2- 
ylamino-4-methyl-5- 
thiazolecarboxylic acid ethyl 
ester 

2-4-4-(N-Cyclohexyl-N- 
methylcarbamoyl)-phenyl-6- 
(4-hydroxy-piperidin-1-yl)- 
pyrimidin-2-ylamino-4- 
methyl-5-thiazolecarboxylic 
acid ethyl ester 

Yield, 7% 

92 

79 

47 

91 

HPLC 
Retention MS 

(min) Reported 

1.60 610 

148 568 

2.01 579 

155 574. 

1.79 539 

1.97 579 
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We claim: 
1. A compound of Formula I 

(I) 
Z. 

J 
N1 N 

R2 l 2 
NN N L 

k 
wherein 

R" is H or alkyl; 
R’ is 

(a) heteroaryl, or heterocyclo, either of which may be 
optionally substituted with one to three groups T', 
T2, T3, 

(b) aryl Substituted with one to three groups T', T, T 
provided that at least one of T, T, T is other than 
H; or 

(c) aryl fused to a heteroaryl or heterocyclo ring 
wherein the combined ring System may be optionally 
substituted with one to three groups T', T, T; 

-C(O)NR'R'', -NRSOR" halogen, nitro, 
haloalkyl, or 

(b) alkyl, aryl, heteroaryl, heterocyclo, or cycloalkyl 
any of which may be optionally substituted with one 
to three groups T, TT; 

J is 

(a) hydrogen, halo, -OR", or 
(b) alkyl, alkenyl, or alkynyl any of which may be 

optionally substituted with one to three groups T', 
T2b or T3b; 

L is 

(a) hydrogen, -OR", —C(O)R" , —C(O)OR", 
- SR"), -NRR, -C(O)NR'R'', -NRSOR, 
halogen, haloalkyl, nitro, or 

(b) alkyl, aryl, heteroaryl, heterocyclo, or cycloalkyl 
any of which may be optionally substituted with one 
to three groups T, T- or T; 

R and R" are independently H, alkyl, alkenyl, aryl, 
(aryl)alkyl, heteroaryl, (heteroaryl)alkyl, cycloalkyl, 
(cycloalkyl)alkyl, heterocylo or (heterocyclo)alkyl any 
of which may be optionally substituted with one to 
three groups T', T or T.; 

or R and R' together with the nitrogen atom to which 
they are attached may combine to form a 4 to 8 
membered heterocyclo ring optionally Substituted with 
one to three groups T', T or T.; 

R" is hydrogen, alkyl, alkenyl, aryl, heteroaryl, (aryl)a- 
lkyl, (heteroaryl)alkyl, heterocylo, (heterocyclo)alkyl, 
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cycloalkyl or (cycloalkyl)alkyl any of which may be 
optionally substituted with one to three groups T, T 
or T3; 

R" is hydrogen, alkyl, alkenyl, aryl, heteroaryl, (aryl)a- 
lkyl, (heteroaryl)alkyl, heterocylo, (heterocyclo)alkyl, 
cycloalkyl or (cycloalkyl)alkyl any of which may be 
optionally substituted with one to three groups T', 
T2eor Tse, 

R" and R' are independently alkyl, alkenyl, aryl, (ary 
l)alkyl, heteroaryl, (heteroaryl)alkyl, cycloalkyl, 
(cycloalkyl)alkyl, heterocylo or (heterocyclo)alkyl any 
of which may be optionally substituted with one to 
three groups T, T- or T.; 

R and R are independently H, alkyl, alkenyl, aryl, 
(aryl)alkyl, heteroaryl, (heteroaryl)alkyl, cycloalkyl, 
(cycloalkyl)alkyl, heterocylo or (heterocyclo)alkyl any 
of which may be optionally independently substituted 
where valance allows with one to three groups T, T 
or Te; 

or R and R together with the nitrogen atom to which 
they are attached may combine to form a 4 to 8-mem 
bered heterocyclo ring optionally Substituted with one 
to three groups T, T- or T; 

T'', T°, and T are are each independently 
(1) hydrogen or T, where T is 

(i) alkyl, (hydroxy)alkyl, (alkoxy)alkyl, alkenyl, 
alkynyl, cycloalkyl, (cycloalkyl)alkyl, cycloalk 
enyl, (cycloalkenyl)alkyl, aryl, (aryl)alkyl, hetero 
cyclo, (heterocylco)alkyl, heteroaryl, or (het 
eroaryl)alkyl, 

(ii) a group (i) which is itself Substituted by one or 
more of the same or different groups (i); or 

(iii) a group (i) or (ii) which is independently Sub 
stituted by one or more (preferably 1 to 3) of the 
following groups (2) to (13) of the definition of 
T1-le. T2-2c and T3-3e. 

(2) -OH or —OT, 
(3) -SH or -ST, 
(4) -C(O), H, -C(O),T, or -O-C(O)T, where t is 

1 or 2; 

(5) –SOH, -S(O),T, or S(O)N(T)T, 
(6) halo, 
(7) cyano, 
(8) nitro, 
(9) - T-NT7T, 
(10) - T-N(T) T-NT7T, 
(11) - T-N(T) T–T, 
(12) - T-N(T) T-H, 
(13) oxo, 

T' and T are each independently 
(1) a single bond, 
(2) - T'-S(O). T°-, 
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(3) - T'-C(O)-T'-, 
(4) - T'-C(S)-T'-, 
(5) - T'-O-T'-, 
(6) - T-S-T'-, 
(7) - T'-O-C(O)-T'-, 
(8) - T'-C(O)-O-T' , 
(9) - T-C(=NT) T-, or 
(10) - T'-C(O)-C(O)-T- 

T7, TS, T, T9a and T10 
(1) are each independently hydrogen or a group pro 

vided in the definition of T, or 
(2) T7 and T may together be alkylene or alkenylene, 

completing a 3- to 8-membered Saturated or unsat 
urated ring together with the atoms to which they are 
attached, which ling is unsubstituted or Substituted 
with one or more groups listed in the description of 
T1-1s, T2-2c and T3-3e. O 

(3) T or T, together with T, may be alkylene or 
alkenylene completing a 3- to 8-membered Saturated 
or unsaturated ring together with the nitrogen atoms 
to which they are attached, which ring is unsubsti 
tuted or Substituted with one or more groups listed in 
the description of T, T- and T, or 

(4) T7 and Tor T and T together with the nitrogen 
atom to which they are attached may combine to 
form a group -N=CT'T' where T and T' are 
each independently H or a group provided in the 
definition of T;and 

T'' and T' are each independently 
(1) a single bond, 
(2) alkylene, 
(3) alkenylene, or 
(4) alkynylene. 

2. A compound of claim 1 wherein 
Z is 

a) nalogen, alKOXy, naloalkyl, - , - s hal lk haloalkvl - NR'R''.-C(O)OR" 
-C(O)NR'R'; 

(b) aryl or heteroaryl either of which may be optionally 
substituted with one or more T, T, T; 

(c) optionally Substituted alkyl, 
J is 

(a) H, or 
(b) alkyl or alkenyl either of which may be optionally 

Substituted; 
L is 

(a) H; 
(b) halogen, alkoxy, haloalkyl, 
-C(O)OR", -C(O)NR'R'': 

-NRR, 
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(c) aryl or heteroaryl either of which may be optionally 
substituted with one or more T, T, T; or 

(d) optionally substituted alkyl; 
R" is H or alkyl; 
R’ is 

(a) heteroaryl optionally substituted with one to three 
groups T', T, T.; 

(b) aryl substituted with one to three groups T', T, T; 
O 

(c) aryl fused to a heterocyclo ring wherein the com 
bined ring System may be optionally Substituted with 
one to three groups T1, T2, T3; 

R is H or optionally substituted alkyl; 
R is 

(a) hydrogen; 
(b) (aryl)alkyl where the aryl group is optionally inde 

pendently substituted with one or more groups T', 
T2a, T3a; 

(c) (heteroaryl)alky where the heteroaryl group is 
optionally independently Substituted with one or 
more groups T', T, T; 

(d) (heterocyclo)alkyl where the heterocyclo group is 
optionally independently Substituted with one or 
more groups T', T, T; 

(e) alkyl optionally independently Substituted with one 
or more groups T', T, T; 

(f) heterocyclo optionally independently Substituted 
with one or more groups T', T, T; 

or R and R' together with the nitrogen atom to which 
they are attached combine to form a 4 to 8-membered 
heterocyclo ring optionally Substituted with one to 
three groups T.T., T; 

R is hydrogen or alkyl; 
R is 

(a) hydrogen; 
(b) (aryl)alkyl where the aryl group is optionally inde 

pendently Substituted with one or more groups T', 
T2e, T3e. 

(c) (heteroaryl)alky where the heteroaryl group is 
optionally independently Substituted with one or 
more groups T', T, T; 

(d) (heterocyclo)alkyl where the heterocyclo group is 
optionally independently Substituted with one or 
more groups T', T, T; 

(e) alkyl optionally independently Substituted with one 
or more groups T', T, T; 

(f) heterocyclo optionally independently Substituted 
with one or more groups T', T, T, 

or R and R together with the nitrogen atom to which 
they are attached combine to form a 4 to 8-membered 
heterocyclo ring optionally Substituted with one to 
three groups T, T, T. 
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3. A compound of claim 2 wherein 
Z is 

(a) halogen, alkoxy, haloalkyl, -NR'R'', -C(O)OR", 
-C(O)NR'R''. 

(b) aryl or heteroaryl either of which may be optionally 
substituted with one or more T, T, T selected 
from cyano, optionally Substituted alkyl, (hydroxy 
)alkyl, -OH, -OT, -ST, -SOT, -COH, 
-COT, TNT7T, TN(T) T T or het 
eroaryl; 

(c) alkyl optionally substituted with one or more -OH, 
COH,-COT, T-NT7T, T-N(T) 

T-H, or; – T-N(T) T. T.; 
J is 

(a) H, or 
(b) alkyl or alkenyl either of which may be optionally 

substituted with one or more -OH, -OT, 
-COH, or -COT; 

L is 

(a) H; 
(b) halogen, alkoxy, haloalkyl, 
-C(O)OR", -C(O)NR'R'': 

-NRR, 

(c) aryl or heteroaryl either of which may be optionally 
substituted with one or more T, T, T selected 
from cyano, optionally Substituted alkyl -COH, 
COT, -SOH, -SOT, TNTT, T 

N(T)-T. T., heterocyclo, or heteroaryl; 
(e) alkyl optionally independently Substituted with one 

or more groups T', T, T selected from -OH, 
–OT, -COH, -COT, TNT7T or - T 
N(T) T T; 

(f) heterocyclo optionally independently Substituted 
with one or more groups T', T, T' selected from 
optionally Substituted alkyl, optionally Substituted 
aryl, cyano, -OH, OT, -COH, -COT, oxo, 
hydroxy(alkyl), (alkoxy)alkyl, - T-N(T)- 
T T, or T-NT7T; 

or RandR'together with the nitrogen atom to which they 
are attached combine to form a heterocylco ring 
Selected from pyrrolidinyl, piperadinyl, piperazinyl, 
morpholinyl, diazapanyl or 1,4-dioxa-8-azaspiro4.5 
decan-8-yl), any of which are optionally independently 
substituted with one to three groups T', T, T 
Selected from optionally Substituted alkyl, optionally 
substituted aryl, cyano, -OH, -OT, -COH, 
-COT, oxo, hydroxy(alkyl), (alkoxy)alkyl, - T 
N(T) T T, or T-NT7T; 

R is hydrogen or alkyl; 
R is 

(a) hydrogen; 
(b) (aryl)alkyl where the aryl group is optionally inde 

pendently Substituted with one or more groups T', 
T., T selected from optionally substituted alkyl, 
halo, cyano, nitro, (hydroxy)alkyl, -OH, -OT, 
-ST, -COH, -COT, -SOH, -SOT, 
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-SON(T)(T), - T-NT7T, T-N(T)- 
T-T, heterocyclo, or heteroaryl; 

(c) (heteroaryl)alky where the heteroaryl group is 
optionally independently Substituted with one or 
more groups T', T, T selected from optionally 
Substituted alkyl, halo, cyano, nitro, OXO, (hydroxy 
)alkyl, -OH, -OT, -ST, -COH, -COT, 
-SOH, -SOT, -SON(T)(T), - TNTT, 
-T-N(T)-T-T, heterocyclo, or heteroaryl; 

(d) (heterocyclo)alkyl where the heterocyclo group is 
optionally independently Substituted with one or 
more groups T', T, T selected from optionally 
(hydroxy)alkyl, -OH, -OT, -ST, -SOT, 
-COH, -COT, TNT7T, TN(T) T 
T or heteroaryl; 

(d) alkyl optionally substituted with one or more -OH, 
COH,-COT, T-NTT, T-N(T) 

T-H, or; – T-N(T) T. T.; 
R" is H or alkyl; 
R’ is 

(a) thiazolyl or oxazolyl each optionally Substituted 
with one to three groups T', T, T, selected from 
alkyl, haloalkyl, halo, heteroaryl, cyano, C(O).T. 
OT, or TNT7T, 

(b) aryl substituted with one to three groups T', T, T 
Selected from optionally Substituted heteroaryl, 
cyano, C(O),T, S(O)N(T)T, halo alkyl, or 
haloalkyl, or 

(c) aryl fused to a heterocyclo ring wherein the com 
bined ring System may be optionally Substituted with 
one to three groups T', T, T selected from halo, 
OH, OT, alkyl, -COH, -COT, or 
-C(O)NT7T, 

R is H or alkyl optionally substituted with one or more 
-OH, or —OT; 

R is 

(a) hydrogen; 
(b) (aryl)alkyl where the aryl group is optionally inde 

pendently substituted with one or more groups T', 
T, T selected from optionally substituted alkyl, 
halo, cyano, nitro, (hydroxy)alkyl, -OH, -OT, 
-ST, -COH, -COT, -SOH, -SOT, 
-SON(T)(T), TNT7T, T-N(T) T 
T, heterocyclo or heteroaryl; 

(c) (heteroaryl)alky where the heteroaryl group is 
optionally independently Substituted with one or 
more groups T', T, T selected from optionally 
Substituted alkyl, halo, cyano, nitro, OXO, (hydroxy 
)alkyl, -OH, -OT, -ST, -COH, -COT, 
-SOH, -SOT, -SON(T)(T), - TNTT, 
-T-N(T)-T-T, heterocyclo, or heteroaryl; 

(d) (heterocyclo)alkyl where the heterocyclo group is 
optionally independently Substituted with one or 
more groups T', T, T selected from optionally 
Substituted alkyl, halo, cyano, nitro, (hydroxy)alkyl, 
-OH,-OT, -ST, substituted alkyl, halo, cyano, 
nitro, (hydroxy)alkyl, -OH, -OT, -ST, 
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COH, -COT, -SOH, -SOT, TNTT, 
-T-N(T)-T-T), heterocyclo, or heteroaryl; 

(e) alkyl optionally independently Substituted with one 
or more groups T', T, T selected from -OH, 
–OT, -COH, -COT, TNTT or - T 
N(T10) T. T.; 

(f) heterocyclo optionally independently Substituted 
with one or more groups T', T, T, selected from 
optionally Substituted alkyl, optionally Substituted 
aryl, cyano, -OH,-OT, -COH, -COT, oxo, 
hydroxy(alkyl), (alkoxy)alkyl, - T-N(T)- 
T T, or T-NT7T; 

or R and R together with the nitrogen atom to which 
they are attached combine to form a heterocylco ring 
Selected from pyrrolidinyl, piperadinyl, piperazinyl, 
morpholinyl, diazapanyl or 1,4-dioxa-8-azaspiro4.5 
decan-8-yl), any of which are optionally independently 
substituted with one to three groups T', T, T 
Selected from optionally Substituted alkyl, optionally 
substituted aryl, cyano, -OH, -OT, -COH, 
-COT, oxo, hydroxy(alkyl), (alkoxy)alkyl, - T 
N(T) T- T, or T-NT7T. 

4. A compound of claim 1 having formula II 

I 
Z. 

N1 N 

RS 2 
N L 

H 

where: R is 

O X2 X2 

S. 
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-continued 

wherein: 

W is O or S; 
X is NHT or OT; 
X and X’ are independently hydrogen, halo, OT, alkyl, 

or haloalkyl, 
X is heteroaryl (preferably, pyrimidinyl, imidazolyl, 

oxazolyl, or thiazolyl any of which may be further 
optionally substituted), cyano, C(O),T, or 
S(O)NTT; and 

X is alkyl, haloalkyl, NHT or OT. 
5. A compound of claim 4 wherein 
Z is 

(a) halogen, or -NRR"; or 
(b) aryl or heteroaryl either of which may be optionally 

substituted with one or more T, T, T selected 
from cyano, optionally Substituted alkyl, (hydroxy 
)alkyl, -OH, -OT, -ST, -SOT, -COH, 
-COT, TNT7T, or - TN(T) T T, 
where 

T is a bond or -C(O)-; 
T is -C(O)-, or -C(O)O-; 
T is alkyl or haloalkyl; 
T7 and T are independently H; 

alkyl optiontionally Substituted with cycloalkyl, 
heteroaryl, hydroxy or -NTT, 

cycloalkyl, or 
aryl optionally Substituted with halogen; 

or T and T together with the nitrogen atom to which 
they are attached combine to form a heterocyclo 
ring optionally Substituted with (hydroxy)alkyl, 
COH or COT 

T' is hydrogen; 
(c) alkyl optionally substituted with one or more -OH, 

COH,-COT, T-NT7T, T-N(T) 
T-H, or - T-N(T) T. T. 
where 

T is -C(O)-; 
T is -alkylene-O-; 
T is alkyl; 










